




Where's Your ELECTRONICS Career Headed? 

The Move You Make Today Can Shape Your Future 
Yes it's your move. Whether on a chess board 
or in your career, you should plan each move 
carefully. In electronics, you can move ahead 
faster and further with a 

B. S. DEGREE 
Put professional knowledge and a COLLEGE 
DEGREE in your electronics career. Earn your 
degree through independent study at home, 
with Grantham College of Engineering. No 
commuting to class. Study at your own pace, 
while continuing your present job. 

The accredited Grantham non..:traditional 
degree program is intended for mature, fully 
employed workers who want to upgrade their 
careers . . . and who can successfully study 
electronics and supporting subjects through 

INDEPENDENT STUDY, AT HOME 

Free Details Available from: 

Grantham College of Engineering 
2500 South La Cienega Blvd. 

P. 0. Box 35499 
Los Angeles, CA 90035 

l 

Independent Home Study Can Prepare You 

Study materials, carefully written by the Gran
tham staff for independent study at home, are 
supplied by the College, and your technical 
questions related to those materials and the 
lesson tests are promptly answered by the Gran
tham teaching staff. 

Recognition and Quality Assurance 
Grantham College of Engineering is accredited 
by the Accrediting Commission of theN ational 
Home Study Council. 

• 
We are located at 2500 S. LaCienega Blvd., 
Los Angeles, California, but for faster response 
please use our mailing address: P. 0. Box 35499, · 
Los Angeles, CA 90035. 

r----------------------, I Grantham College of Engineering 7-84 
1 P. 0. Box 35499, los Angeles, CA 90035 

I Please mail me your free catalog which explains your 
I B.S. Degree independent-study program. 
I 
I Nam Age___ 

I 
I Address _____________ _ 

I 
I City Stat · Zip __ 

L-----------------------
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Scanners 
Communications Electronics;· 

the world's largest distributor of radio 
scanners, introduces new models 
with special savings on all radio 
scanners. Chances are the police, 
fire and weather emergencies you'll 
read about in tomorrow's paper are 
coming through on a scanner today. 

We give you excellent service be
cause CE distributes more scanners 
worldwide than anyone else. Our ware
house facilities are equipped to pro
cess thousands of scanner orders 
every week. We also export scanners 
to over 300 countries and military 
installations. Almost all items are in 
stock for quick shipment, so if you're 
a person who prefers fact to fantasy 
and who needs to know what's really 
happening around you, order your 
radio today from CE. 

NEW! Regenc~ MX5000-B 
List price $599.95/CE price $379.00 
Multi-Band, 20 Channel • No-crystal scanner 
Search • Lockout • Priority • AC/DC 
Selectable AM-Fill modes • LCD display 
World's first continuous coverage scanner 
Frequency range: 25·550 MHz. continuous coverage. 
Never before have so many features come in 
such a small package. The Regency MX5000 
mobile or home scanner has continuous cover
age from 25 to 550 MHz. That means you can 
hear CB, Television audio, FM·broadcast sta
tions, all aircraft bands including military and 
the normal scanner bands, all on your choice of 
20 programmable channels. 

NEW! Regency® MX3000-B 
List price $299.95/CE price $181 .00 
6-Band, 30 Channel • No-crystal scanner 
Search • Lockout • Priority • AC/DC 
Bands: 30-50, 144-174,440-512 MHz. 
The Regency Touch MX3000 provides the ease 
of computer controlled, touch-entry program
ming in a compact-sized scannerfor use at home 
or on the road. Enteryourfavorite public service 
frequencies by simply touching the numbered 
pressure pads. You'll even hear a " beep" tone 
that lets you know you've made contact. 

In addition to scanning the programmed 
channels, the MX3000 has the abi lity to search 
through as much as an entire band for an active 
frequency. The MX3000 inc ludes channel 1 
priority, dual scan speeds, scan or search delay 
and a brightness switch for day or night operation. 

NEW! Regency® Z30·B 
List price $269.95/CE price $169.00 
fJ-Sand, 30 Channel • No-crystal scanner 
Bands: 30-50, 144-174,440-512 MHz. 
Cover your choice of over 15,000 frequencies 
on 30 channels at the touch of your finger. 

J I L SX-200-8 
CE price $264.00/LOW LOW PRICE 
B·Band, 1 6 Channel • No-crystal scanner 
Quartz Clock • AM/Fill • AC/DC 
Bands: 26-88, 108-180, 380-514 MHz. 
Tune Military, F.B.I., Space Satellites, Police & 
Fire, D. E.A., Defense Department, Aeronautical 
AM band, Aero Navigation Band, Fish &Game, 
Immigration, Paramedics, Amateur Rad1o, Jus
tice Department, State Department, plus thou
sands of other radio frequencies. 

Regency® HX1 000-8 
Allow 60-120 days for delivery after receipt of 
order due to the high demand for this product. 
List price $329.95/CE price $209.00 
6·Band, 30 Channel • No Crystal scanner 
Search • Lockout • Priority • Scan delay 
Sidelit liquid crystal display • Digital Clock 
Frequency range: 30-50, 144-174, 440-512 MHz. 
The new handheld Regency HX1 000 scanner is fully 
keyboard programmable fort he ultimate in versatil
ity. You can scan up to 20 channels at the same 11m e. 
When you activate the priority control, you automat
ically override all other calls to listen to your favorite 
frequency. The LCD display is even sidelit for night 
use. A die-cast aluminum chasis makes this the 
most rugged and durable hand-held scanner avail
able. There is even a backup lithium battery to mam
tain memory for two years. Includes wall charger, 
carrying case, belt clip, flexible antenna and nicad 
battery. Reserve your Regency HX1 000 now. 

Regency® R1 06-B 
List price $149.95/CE price $92.00 
5·Band,10Channel• Crystal scanner • AC/DC 
Frequency range: 30-50, 146-174, 450-512 MHz. 
A versatile scanner, The Regency R-1 06 is built 
to provide maximum reception at home or on 
the road. Rugged cabinet proteqts the advanced 
design circuitry allowing you years of depend
able listening. 

Regency® R1 040-8 
List price $199.95/CE price $121 .00 
6-Band, 10 Channel • Crystalless • AC only 
Frequency range: 30-50, 144-174, 440-512 MHz. 
Now you can enjoy computerized scanner ver
satility at a price that's less than some crystal 
units. The Regency R1 040 lets you in on all the 
action of police, fire, weather, and emergency 
ca lls. You'll even hear mobile telephones. 

Programming the R1 040 is easy. Merely touch 
the keyboard and enter any of over 1 5,000 
frequencies on your c hoice of 1 0 channels. 

Regency® HX650-B 
List price $119.95/CE price $79.00 
5·8and, 6 Channel • Handheld crystal scanner 
Bands: 30-50, 146-174, 450-512 MHz. 
Now you can tune in any emergency around 
town, from wherever you are, the second it 
happens. Advanced circuitry gives you the 
world's smallest scanner. Our low CE price in
c ludes battery charger/A.C. adapter. 

NEW! Regency® HX-650P·B 
List Price $179.95/CE price $104.00 
Now, Communications Electronics offers a 
special packaged price on the Regency HX-650 
scanner and the following items for only$1 04.00. 
You get the Regency HX-650 scanner, a set of4 
AAA ni-cad batteries, the MA-506 carrying case, 
six crystal certificates, AC adapter/ charger and 
flexible rubber antenna for only $104.00 per 
package plus $10.00 shipping/handling. To 
order this special package, use CE special 
order number HX-650P-B. 

QUANTITY DISCOUNTS AVAILABLE 
Order two scanners at the same time and deduct 
1%, for three scanners deduct 2%, four scanners 
deduct 3%, five .scanners deduct 4% and six or 
more scanners purchased at the same time 
earns you a 5% discount off our super low 
single unit pric:e. 

CIRCLE 35 ON FREE INFORMATION CARD 

Regency® Z1 0-B 
List price $229.95/CE price $149.00 
6·Band, 10 Channel • No-crystal scanner 
Priority control • Search/Scan • AC/DC 
Bands: 30-50, 140-174, 440-512 MHz. 
Cover your choice of over 15,000 frequencies 
on 10 channels at the touch of your finger. 

OTHER RADIOS & ACCESSORIES 
Regency" C403·B Scanner . $59.00 
Panasonic RF-9-B Shortwave receiver .. $84.00 
Panasonic RF·BSO·B Shortwave receiver. . $129.00 
Panasonic RF-799-B Shortwave receiver. $2 t 9.00. 
Panasonic RF·260Q-B Shortwave receiver. . $199.00 
Panasonic RF-3100·8 Shortwave receiver . $279.00 
Panasonic RF-8300-8 Shortwave receiver ... $195.00 
Panasonic RF-8600-8 Shortwave receiver $429.00 
Panasonic RF-630Q-8 Shortwave receiver. . $539.00 
Bearcal" 21 OXL-B Scanner. $2 t 9.00 
Bearcal" 5/6·8 Scanner. . .. $119.00 
Bearcal" DX1 000-B Shortwave Receiver . . . $489.00 
JIL SX-40D-B Scanner . $539.00 
JIL P5-B 12 V OC Power Supply for JIL SX·400 $39.00 
SP55-B Carrying case for Bearcat Five-Six . . $15.00 
MA·506-B earring case for Regency HX650. $15.00 
TSG•B "Top Secret" Registry of U.S. Govt. Freq. $15.00 
RRF·B Railroad Frequency Directory . $10.00 
ESD-B Energy. Services Directory. $1 0.00 
ASD-B Frequency Directory for Aircraft Band . $10.00 
SRF-8 Survival Radio Frequency Directory $10.00 
TIC-B Techniques for Intercept. Communications .. $12.00 

, CIE-B Covert Intelligence, Elect. Eavesdropping . . . $12.00 
FB-E-B Frequency Directory for Eastern U.S.A. . .. . $12.00 
B-4-B 1.2 V AAA Ni·Cad batteries (set of four) $9.00 
B-6-B 1.2 VAA Ni-Cad batteries(set of four) . $12.00 
A-135C·B Crystal cert ificate . .. $3.00 
A60-B Magnet mount mobile antenna . $35.00 
A7Q-B Base station antenna .. . $35.00 
Add $3.00 shipping for all accessories ordered at the same time. 
Add $12.00 per shortwave receiver for U.P.S. shipping. 
Add $3.00 shipping per scanner antenna. 

BUY WITH CONFIDENCE 
To get the fastest delivery from CE of any 
scanner, send or phone your order.directly to 
our Scanner Distribution Center:· Be sure to 
calculate your price using the CE prices in this 
ad. Michigan residents please add 4% sales tax 
or supply your tax I.D. number. Written pur
chase orders are accepted from approved gov
ernment agencies and most well rated firms at a 
10% surcharge for net 10 billing. All sales are 
subject to availability, acceptance and verifica
tion. All sales on accessories are final. Prices, 
terms and specifications are subject to change 
without notice. All prices are in U.S. dollars. Out 
of stock items will be placed on backorder 
automatically unless CE is instructed differ
ently. A $5.00 additional handling fee will be 
charged for al l orders with a merchandise total 
under $50.00. Shipments are F.O.B. Ann Arbor, 
Michigan. No COD's. Most products that we sell 
have a manufacturer's warranty. Free copies of 
warranties on these products are available 
prior to purchase by writing to CE. International 
orders are invited with a $20.00 surcharge for 
special handling in addition to shipping charges. 
Non-certified checks require bank c learance. 

Mail orders to: Communications Electron
ics;· Box 1002, Ann Arbor, Michigan 48106 
U.S.A. Add $7.00 per scanner for U. P.S. ground 
shipping and handling in the continental U.S.A. 
For Canada, Puerto Rico, Hawaii, Alaska, or 
APO/FPO delivery, shipping charges are three 
times continental U.S. rates. If you have a Visa 
or Master Card, you may call and place a credit 
card order. Order toll-free in the U.S. Dial 
800-521-441 4. In Canada, order toll-free by 
calling 800-265-4828. WUI Telex CE anytime, 
dial 671-0155. If you are outside the U.S. or in 
Michigan dial 313-973-8888. Order today. 
Scanner Distribution Center" and CE logos are trade
marks of Communications E lectronics~ 
t Bearcat is a federally registered trademark of Electra 
Company, a Division of Masco Corporation of Indiana. 
; Regency is a federally registered trademark of Regency 
Electronics Inc. AD #060184·8 
Copyright ~1984 Communications Electronics 

Order Toll Free ... call 
1·800·521·4414 

e~OMMUNICATIONS 
.. ELECTRONICS'M 
Cons~mer Products Division 
8 18 Phoenix 0 Box 1002 0 Ann Arbor, Michigan 48106 U.S.A. 
Cell TOLL-FREE 8()()-521 ·4414 o r o utside U.S.A. 313·973·8888 
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IDEAS IN ELECTRONICS 

Electronics publishers since 1908 

BUILD THIS 
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CIRCUITS AND 
COMPONENTS 

VIDEO 

COMPUTERS 

43 ENERGY MISER FOR AIR CONDITIONERS 
You don't have to make yourself uncomfortable to save money on 
your air-conditioning bills. Bill Owen 

61 CLAMP-ON DC AMMETER 
This ammeter eliminates the undesirable side effects of 
measuring DC current; it uses Hall-effect transducers and a 
clamp-on probe. Hardin Stratman 

4 VIDEO ELECTRONICS 
Tomorrow's news and technology in this quickly changing industry. 
David Lachenbruch 

12 SATELLITE/TELETEXT NEWS 
The latest happenings in communications tech~ology. 
Gary H. Arlen 

51 HOW TO REPAIR PC BOARDS 
If you've ever had a PC board that you thought was ruined 
forever-it probably wasn't. Robert Grossblatt 

54 DESIGNING WITH LINEAR IC'S 
Part 3. A look at the non inverting follower and some typical op
amp applications. Joseph J. Carr 

65 POWER-SUPPLY CIRCUITS 
This article is chock full of practical power-supply circuits that you 
can put together now! Ray Marston 

72 HOBBY CORNER 
Testing your telephone. Earl "Doc" Savage, K4SDS 

74 NEW IDEAS 
Restoring tube-type auto radios. 

76 DESIGNER'S NOTEBOOK 
Frequency multiplication. Robert Grossblatt 

47 HOW TO TUNE YOUR MDS DOWNCONVERTER 
You don't have to run up and down your roof with a soldering iron. 
Lew G. Schuweiler 

69 TROUBLESHOOTING THE TOUGH ONES 
A look at how some TV-servicing problems that-although they 
took some time-were eventually solved. Frank A. Salerno 

78 SERVICE CLINIC 
Electrostatic discharge and its problems. Jack Darr 

79 SERVICE QUESTIONS 
Radio-Electronics' Service Editor solves readers' problems. 

57 INTERFACING THE ZX81 
The ZX81 (or Timex Sinclair 1000) computer can be turned into a 
very powerful machine. Neil Bungard 

Following page 72 COMPUTER DIGEST 

EQUIPMENT 
REPORTS 

DEPARTMENTS 

A look at the new Sinclair QL, printing buffers, personal 
communications, and lots more! 

26 Ungar Electronic Soldering System 9000 

33 Sabre Electronics Calc-U-Dial Automatic Dialer 

12 Advertising and Sales Offices 

104 Advertising Index 

105 Free Information Card 

14 Letters 

82 Market Center 

37 New Products 

6 What's News 

JULY 1984 Vol. 55 No.7 

ON THE COVER 
You can save money on your air
conditioning bills and stay comfort
able at the same time. No, it's not 
magic-it's what's known as time 
cycling. The energy miser lets your 
air conditioner operate more effi
ciently than it does when it is control
led by just a thermostat. Best of all, 
you can build the device just in time 
for the hot weather! The story begins 
on page 43. 

THE TIMEX SINCLAIR 1000 or ZX81 has been 
described as being worse than a toy. Well, it 
doesn't have to be. You can put your ZX81 to 
work as a control computer with as many fea
tures as your imagination permits. This month, 
interfacing basics are discussed, and an inter
face circuit is presented. The story begins on 
page 57. 

COMING NEXT MONTH 
On Sale May 22 

• Electronics And The Heart. The 
heart may have more in common 
with electronic devices than you 
think. 

• An Infrared Transmitter/Re
ceiver. How many uses for one 
can you come up with? 

• ComputerDigest. Another tear
out edition of our magazine-with
in-a-magazine. 

• And lots more! 

Radio-Electronics, (ISSN 0033-7862) Published monthly 
by Gernsback Publications, Inc., 200 Park Avenue South, 
New York, NY 10003. Second-Class Postage Paid at New 
York, N.Y. and additional mailing offices. One-year subscrip· 
tion rate: U.S.A. and U.S. possessions, $14.97, Canada, 
$17.97. Other countries, $22.47 (cash orders only, payable in 
U.S.A. currency). Single copies $1.75. © 1984 by Gernsback 
Publications, Inc. All rights reserved. Printed in U.S.A. 

POSTMASTER: Please send address changes to RADIO
ELECTRONICS, Subscription Dept., Box 2520, Boulder, CO 
80322. 

A stamped self-addressed envelope must accompany all 
submitted manuscripts and/or artwork or photographs if their 
return is desired should they be rejected. We disclaim any 
responsibility for the loss or damage of manuscripts and/or c... 
artwork or photographs while in our possession or otherwise. C 

!< 
As a service to readers, Radio-Electronics publishes available plans or information relating to newsw~rthy_ pro~ucts, technique~ ~~d scientific and technological ~e~elopments. Be~ause_of possible cO 
variances in the quality and condition of materials and workmanship used by readers, Rad1o-Eiectromcs d1scla1ms any responsibility lor the safe and proper funct1on1ng of reader-built projects based CXl 
upon or from plans or information published in this magazine. ~ 
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RCA PULLS THE 
PLUG 

THE VCR 
WINNERS 

BIG SCREEN, BIG 
PROSPF;:CTS 

# 

DAVID LACHENBRUC.H 
CONTRIBUTING EDITOR 

RCA's noble experiment with theCED ( eapacitance Electronic Disc) videodisc system came 
to a sudden end after. threec years of marketing and $580,006,000 of losses when the 
corporation's board-decided to discontinue manufacturing Selecta Vision players. The compa
'"Y will continue to manufacture discs for existing players for at least three years, or as long as 
there is demand, according to RCA. The videodisc system was a victim of the unexpected 
success of the VCR, of which RCA is the leading brand in the United States. RCA said the 
unanticipated demand for VCR's, the' constantly dropping prices, and the widespread avail
ability. of low-cost program cassette rentals spelled the death of the videodisc system. 

RCA had reduced the price ofthe basic player model to $199.95 and introduced stereo and 
int~ractive models at higher prices, but only the cheapest model sold in any volume. RCA said 
it would 'continue to sell the remaining players this year, and it expects a total of 700,000 to be 
in use by year's end. lhe competing 'laserVision optical system, with players being sold by 
Pioneer, Magnavox, and Sylvania, continues or:t the market. 

' ' 

Once again in 1983, RCA was the most popular VCR brand in the United States, according to 
a SIJrvey by the trade newsletter Television Digest. However, RCA won by a slimmer margin 
this tirne, with an estim~tep 16% of.1983's sales, while Panasonic, the No.2 brand, had 15%.ln 
1982, 'RcA held an estimated 22% of the market, to Panasonic's 17.75%. Sony was the No. 3 
brand with 7%, followed by General E~ctric IIlith 5.5%, and Fisher and Sanyo with 5% each. 

The two Ameriqan brandsowned by Matsushita Electric, Panasonic and Quasar, accounted 
a total of 20.p% of all VCR's sold in the United States last year, and taken together they would 
easily come out in first ptaqe. Other brand groupings: North American Philips brands (Magna
vox, Sylvania, an<;! Philco) had a tomt of· more than 7.5% of the market, while Sanyo's two 
brands. (Sanyo and Fisher) totaled 10%. 

Because total VCR sales in 1983 were more than double those of 1982 (4,091,000 vs. 
2,035,000), \(irtually evety brafld ended up_ with greater sales than the year before-even 
tho,§e brands which. lost 5ome market share (such as Zenith, which fell from 6% to 2.6% wh.en 
it temporarily dropped.-ou1 of tRe market in preparation for its 1984 switch to VHS from Beta). 
Axcording to the su~ atx>ut 19% of the \(CR's sold in the U.S. last year were in the Beta 
forma~~ a decline from 26% in 1982 .. 

Some 143,600 giant ... screen projection l'V set\s were sold in 1983, up from 117,000 in 1982, and 
in thE;~firstquarter of 1984 sat~ were running about 14% ahead of 1983's pace. U.S. Precision 
Le'ns Co., which makes lenses for most of them; sees American homes adding TV projectors 
in even greater numbers this year, forecasting sales of about 118,000. · 

The: ·company predicts tpat 75% of all projection sets sold this year wJil be rear-projection 
systems {one-piece types· in which the picture is thrown from the inside of the set onto a 
translucent front-mounted screen) as.opposed to 60% last year and 29% in 1981. It sees these 
advances in projection this year: Improved lenses at lower cost; more compact cabinets; better 
projection tubes with widespread use of liquid cooling for higher brightness; smaller spot size 

· for better res61utiQn; better p~phors; better SC(reens at lower cost; more sets with optical 
coupling of· tube to lens for higher contr~t. apd a new generation of chassis designed 
s~~ifically for projection. 

U.S. Precision also spots a trend toward-somewhat smaller screen sizes in projection TV. 
Since a rear-projection set resembles a conventional TV, but with a bigger picture, the 
COrtlpany quotes its manufacturing cvstomers as feeling that "projection should more properly 
be considered an extension of c~mventional color-TV lines. They argue that we should forget 
abOut calling it projection, instead concentrating only on larger screen size .... 

.• M!3anwhile, some t>et manufacturers' labs are working on new generations of projection 
television designed to be used with high-definition widescreen TV of the future. Already in 
sight, according to inSide repQrts, are projection systems with better contrast, resolution, and 
brigbtness than conventional direct-view sets. R-E 
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HI-PERFORMANCE 
PORTABLE 
OSCILLOSCOPES 

77 

WE CARRY A FULL 
LINE OF FLUKE 
MULTI-METERS. 
IN STOCK NOW 

• 0.3% Accuracy 
• Manual or 

Autorange 
• 10A + rnA Range 

• Beeper 
• "Touch-Hold" 

Function 

• 0.5% Accuracy 
• Manual or 

Autorange 
• 10A + 300 rnA 

Range 
• Beeper 

E HO'T L\NE 
'TOLL FRE 04 7 4 soo-223· . 

212·730-7030 

26 WEST 46th STREET, NEW YORK, N.Y. 10036 

$1,249 95 

V·1050F 
100 M Hz Quad Trace 
w/delay sweep 

V·650F$939 95 

60 M Hz Dual Trace 
w/delay sweep 

PRICE DOES NOT INCLUDE 
PROBES. PROBES $50. A PAIR 
WHEN PURCHASED WITH SCOPE. 
$15 SHIPPING WITHIN 
CONTINENTAL U.S. 

SERIES 
MULTIMETERs~._...._-

• Analog Display • Rotary Knob • Volts AC & 
DC • Resistance to • 32 Mfl• 10 Amps • Diode 
Test • 3200 Counts • Fast Autoranging • Function 
Annunciators in Display • Power-Up Self Test 
• 2000 + Hour Battery Life w/ Power Down "Sleep 
Mode" • New Test Leads • VDE & UL Approval 

• 0.7% Accuracy 
• Autorange Only 
• 10 Amp Only 
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WHAT'S NEWS 

EIA sets new standards 
for silicon digital IC's 

The Engineering Department of 
the Electronic Industries Associa
tion has established JEDEC Stan
dard No. 7, setting industry 
specifications for three series of 
new high-speed silicon-gate digital 
IC's. 

The 54/74HC series includes 
buffered CMOS logic devices with 
the primary characteristic of V1L 

(logical low-input voltage) and V1H 

(logical high input voltage) ratings 
for good noise immunity in CMOS 
system designs. The 54/74HCU 
series includes a limited number of 
unbuffered (1 active logic circuit) 
inverters or gates where V1L and 
V1H ratings are less than those of 
the ·He series. The third series is 
designated 54/74HCT, having V1L 

and V1H ratings of 0.8- and 2-volts 
respectively for direct interfacing 
with TTL logic IC's. 

Computer to interface 
home student, teacher 

A new home-study system, in 
which student and teacher can be 
in direct contact, was described to 
Chicago security analysts by 
David Bright of the National Educa
tion Corp. Mr. Bright reported that 
the company's computer bank in 
Scranton, PA- which now handles 
testing for the company's 60,000 
domestic home-study stu
dents-has been upgraded to ac-

"'--"' ~ 

cept on-line computer interfaces. 
The new EdNet system will be 

offered to owners of IBM, Apple, 
Radio Shack, Commodore and 
Timex computers. The new sys
tem, Bright said, will permit inde
pendent home students to not only 
take their testing by computer, but 
to interface directly with instruc
tional specialists via their home or 
office computers as well. 

Dr. Maiman member of 
Inventors Hall of Fame 

Dr. Theodore H. Maiman, pi
oneer in laser research, was 
inducted into the National Inven
tors Hall of Fame at the 12th Inven
tors' Day Expo in Arlington, VA. He 
was honored for the invention of 
the ruby laser, the world's first oper
ating laser. The first laser action 
occurred on May 15, 1960, at the 
Hughes Research Labs, Malibu, 
CA. 

Dr. Maiman has been elected to 
both the National Academy of Sci
ences and the National Academy 
of Engineers. Among his many 
awards is the American Physical 
Society Oliver E. Buckley Prize for 
"The Most Important Contribution 
to Solid-State Physics in the Prior 
Five Years." 

The National Inventors Hall of 
Fame is located in the United 
States Patent Office in Arlfngton, 
VA. and is dedicated to the persons 
"who conceived the great tech
nological advances which this na-

STUDY? Instructor queries 
from the student at right in his home, via the computer link, which supports 
owners of most of the popular personal computers. 

as William Weigel, president of the 
National Inventors Hall of Fame 
Foundation, unveils a display honor
ing him. The display, which includes 
a replica of the original laser, will be 
permanently on exhibit in the lobby 
of the U.S. Patent Office. 

lion fosters through its patent 
system." 

The year's other inductees were 
William M. Burton, for an invention 
in the refining of gasoline; Wallace 
H. Carrothers, inventor of nylon, 
and Philo T. Farnsworth, inventor 
of the first all-electronic television 
system. 

Japan industry faces 
semiconductor shortage 

Soaring production of VCR's, 
personal computers, automated 
office equipment, and other elec
tronics products is hobbling the 
Japanese electronics industry, ac
cording to the influential Japanese 
newspaper Yomiuri Shimbun. At 
the end of 1983, Japan's largest 
semiconductor maker, NEG, ad
mitted that "we can supply only 
about 70 percent of the demand." 

Projected production figures are 
being cut back by some manufac
turers. A Sony representative 
states: "VTR makers are unable to 
produce as many units as planned, 
because of the shortage of certain 
types of semiconductors." A 
Hitachi official said : "We cannot 
manufacture as many personal 
computers as ..we had planned." 

Responding to the situation, 
NEG, Hitachi, Fujitsu, Toshiba, and 
other manufacturers are operating 
24 hours a day, seven days a week, 

and are even expanding their pro
duction facilities. But they report 
that a year lead time will be re
quired, and that supplies may re
main tight through 1984. 

New Orleans will host 
satellite conference 

The sixth annual Satellite Com
munications Users Conference 
(SCUC) will be held at the Loui
siana Superdome, New Orleans, 
August 28-30, 1984. Sponsored 
by the international trade journal 
Satellite Communications, it is the 
world's largest commercial satel
lite-communications gathering. 

Over 3,000 persons are ex
pected to attend the panel ses
sions and exhibits. Panel sessions 
will be directed toward broadcast
ing, cable, and corporate users, 
and will cover international satellite 
services, regulatory policies, and 
space law. The newest tech
nological advances are being fea
tured by 120 exhibitors. 

Additional information on SCUC 
'84 may be obtained from Kathy 
Kriner, convention manager, at 
303-694-1522. 

Optical print reader 
is held in hand 

Oberon International, a London 
firm, has introduced a hand-held 
character reader suitable for use 
with a microcomputer. 

Former character-recognizing 
devices have been extremely ex
pensive and were restricted in the 
types of characters they could 
read. Particular problems arose 
with the operation of the transport 
and scanning heads. The new de
vice uses manual instead of auto
matic operation to minimize or 
eliminate those problems. 

The user of an Omni-Reader 
passes a light-sensitive linear ar
ray across a line of type, using a 
built- in ruler for accurate align
ment. The light-sensitive element 
picks up and stores a series of ver
tical slices along the line ofcharac
ters. Those are analyzed by a 
microprocessor, interpreted, and 
passed to the computer. Most of 
the standard fonts can be recog
nized, and some non-standard 
fonts can be taught to the software. 
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DELAYED SWEEP NEW! LOW PROFILE 
w/TRIGGER VIEW DUAL CHANNEL 
1 OOMHz 60MHz 40MHz 20M Hz 

3rd & 4th TRACE 3rd TRACE DUAL TRACE DUAL TRACE 
RBHmiOIIGF List Price: $1595.00 RIH111111GF List Price: $1195.00 

$1279 $985 
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MULTI METERS 
SERIES 70 

Autoranging 
3% DlgH WHh Analog Bar Graph 
3 YEAR WARRANTY! 

• Full 3200 count instead of the normal 2000 
• ULTRA-Fast analog bar graph 
• Beeper included in the 75 & 77 
• True touch and hold on the 77 
RIFLU73 .7% accuracy, $85.00 
RIFLU71 .5% accuracy $N.OO 
RIFLU77 .3% accuracy $11111.00 
IIFWC70 Custom Holster (included w/FLU77) • 8.00 
IIFUIC71 Soft Vinyl case • e.oo 
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4Yz Digit .05% DMM 

• True RMS 
• Relative.,/eference and continuity test 
• dBm range (8060 only) 
• .01 to 200 KHz frequency range (8060 only) 
• Conductance range 
• One Year Warranty! 
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$649_ $545 
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RIBIPII70P 80 MHz Quad Input Scope $1395.00 $1145.00 
RIBIPIIIIOP 60 MHz Triple Trace Scope $1150.00 $1045.00 
RIBIPIII48P 40 M Hz Dual Trace Scope $ 950.00 • 785.00 
RIBIPIIHP 20 M Hz Dual Trace Scope $ 695.00 • 575.00 

Signal 6 Pula Generaton: 
RIBIP3010 1 MHz Function Generator $239.00 $1811.115 
RIBIP3011 200 KHz Sweep/Function Generator $289.00 $238.00 
RIBIP30ZO 2 MHz Sweep/Function with Pulse $399.00 $318.85 
RIBIP3021 5 MHz Sweep/Function Generator $475000 $36.00 
RIBIP303D 5 MHz Sweep/Funct LirVlog Sweep $699000 $585.00 
RIBIP33DO 5 MHz Pulse w/Pulse Burst $399.00 $328.00 

Frequency Counteon: 
RIIIPIIDii 80 M Hz Frequency Counter $290.00 $228.00 
RIBIPIIH 175 MHz Frequency Counter $450.00 $325.00 
RIBIPIIII 520 MHz Frequency Counter $575.00 . $478.00 
RIBIPIBII 1.2 GHz Frequency Counter $750.00 $838.00 

GSC IJ)-1 
LOGIC PI\ODE NOW: 50 nS Response time 
WHh Pulse and $19.95 Memory Modes! 

Terrns:(Chec~VISA,MasterCardormoneyorde~. Minimumorderis$t5.00. CA residentsadd6'h%salestax. PRIO' RfTY ON£ £L£C .. RONICS 
PricesvalidthroughJuly31, 1984. • 1 

Pr&-Paid Orders - Shipping and Insurance (48 States): 

-

. 
0 0 ss~~ :~ s~~~~ :16:~~ 1-=-_· : 9161 D s10oo and up m.oo eering Ave., Chatsworth, CA 91311-5887 

Credit Card Orders Will Be Charged Appropriate Freight 

ORDER TOLL FREE (800) 423-5922- CAr AKr HI CALL (818) 709-5111 
CIRCLE 57 ON FREE INFORMATION CARD 
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Ever_y.body) making money 
sellin~ microcomputers. 

Somebodys going to make money 
servicing them. 

Now NRI Trains You At Home To Make Money Servicing, Repairing, 
and Personal and SmaJI Business Computers 



Training now includes either the TRS-80 Model4 
Microcomputer with Disk Drive or the TRS-80 
Color Computer with Computer Access Card; pro
fessional LCD multimeter; the NRI Discovery Lab; 
and hundreds of demonstrations and experiments. 

Seems like every time you tum 
around, somebody comes along with 
a new computer for home or business 
use. And what's made it all possible is 
the amazing microprocessor, the tiny 
little chip that's a computer in itself. 

Using this new technology, the 
industry is offering compact, affordable 
computers that handle things like pay
rolls, billing, inventory, and other jobs 
for business of every size ... perform 
household functions including bud
geting, environmental systems con
trol, indexing recipes. And thousands 
of hobbyists are already owners, ex
perimenting and developing their 
own programs. 

Growing Demand for 
Computer Technicians 

This is only one of the growth 
factors influencing the increasing 
opportunities for qualified computer 
technicians. The U.S. Department of 
Labor projects over a 600% increase in 
job openings for the decade; most o~ 
them new jobs created by the expanding 
world of the computer. 

(TRS-80 is a trademark of the Radio Shack division of Tandy Corp.) 

Learn At Home 
to Service Any Computer 

NRI can train you fbr tfus excit
ing, rewarding field 'frain you at home 
to service not only microcomputers, 

but word processors and data ter
minals, too. 'frain you at your con

venience, with clearly written ''bite
size'' lessons that you do evenings 
or weekends, without going to 

classes or quitting your present job. 
Your training is built around 

the latest model of the world's most pop
ular computer. It's the amazing 

TRS-80™ Model4, now with disk 
and the capabilities and fea

to perform a host of personal 
business functions. No other small 

computer has so much software avail
able for it no other is used and relied 

' ' on by so many people. And its yours 
to keep for personal and business use. 

You get plenty of practical expe
rience. Under NRI's carefully planned 
training, you even install a disk drive 

as an alternative to the Model 4. The 
same technique for getting inside is 
enhanced by using the new NRI
developed Computer Access Card. Only 
NRI offers you a choice to fit your spe
cific training needs. 

Become the Complete 
Computer Person 

In addition to training in BASIC 
and advanced machine language, you 
gain hands-on experience in the oper
ation and application of the latest com
puters for both business and personal 
jobs. You're trained to become the fully 
rounded, new breed of technician who 
can interface with the operational, pro
gramming, and service facets of all of 
today's computers. You're ready to take 
your place in the new electronic age. 

Other Opportunities 
NRI has been giving ambitious 

people new electronic skills since 1914. 
Thday's offerings also include TV/Audio/ 
Video Systems servicing with training 
on our exclusive Heath/ Zenith com
puter-programmable 25" diagonal 
color TV ... Industrial Electronics, Design 

Thchnology ... and other 
state-of-the-art 
courses. 

its The Catalog is Free. 
at step. Using the NRI Discovery The 'fraining IS Priceless. 
Lab® that also comes as part of your Send the postage-paid card for 
course, you build and study circuits our 104-page catalog showing all 
ranging from the simplest to the most courses with equipment and complete 
advanced You analyze and troubleshoot lesson plans. There's no obligation 
using the professional4-function LCD other than to yourself. See how NR1 
digital multimeter you keep to use later · can help you take a~antage of ti:e. ex
in your work. Then you use the lab and citing job and earmngs opportumttes 
meter to actually access the interior of in the exploding field of microcom-
your computer ... build special circuits puters. If card has been removed, 
and write programs to control them. please write to us. 
You "see" your computer at work and NRI NRI SCHOOLS . . 
demonstrate its power. McGraw-~111 Continumg 

. . ailabl , EducatiOn Center 
Same Trammg AV: e ~ ,j ~ 3939 Wisconsin Ave. 

With Color Computer 1 • ~ washington, nc zom6 
NRI offers you the opportunity to •• n I• 

train with the TRS-80 Color Computer We'n give you tomorrow. 
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SATELLITE/TELETEXT NEWS 

CBS, IBM, SEARS 
TEAM UP 

TELETEXT 
TRICKLING INTO 

BIG CITES 

AMERICAN 
EXPRESS 

ENTERS 
VIDEOTEX 

DBS 
DEVELOPMENTS 

GARY ARLEN 
CONTRIBUTING EDITOR 

In a move that could speed up nationwide development of videotext-and redefine the nature 
of videotext technology-Sears, CBS, and IBM have joined forces to develop a new service. 
The system will use home computers rather than dedicated videotex terminals and could 
include "true video" pictures rather than the conventional computer-graphic images of today's 
videotext. 

The Sears/CBS/IBM venture will take at least two years to put together, meaning that the 
first tests will take shape during 1986. All three companies have tested other videotex 
systems. By teaming up, they bring strong resources to the videotex business. Sears will 
concentrate on home banking and financial services, along with catalog merchandising. CBS 
will contribute software and news/information services, while IBM develops computer hard
ware, software, and networking facilities. 

At the heart of the joint venture is a plan to deliver computer software and data-processing 
power into the home for education, personal productivity, and home management. The 
triumvirate will recruit other financial and information firms, computer companies, and organi
zations to offer a variety of services on the system, which doesn't yet have a name. 

Teletext services are popping up around the U.S. this spring-not in the rush that some 
visionaries might have expected, but rather in a deliberate progression, arriving first in the 
nation's major markets. Among the developments: 

Panasonic, Matsushita, and Sony will begin selling NABTS-format teletext decoders in New 
York, Los Angeles, and Chicago metro areas, where CBS and NBC both own local TV
stations. Those two networks are in the vanguard of promoting teletext material, and are 
coordinating their electronic information and ad packages with the decoder introductions. 
Decoders from all three makers will cost about $900, at first, and will work only with certain 
late-model component-TV sets. 

RCA may introduce TV sets with built-in NABTS teletext decoders as part of the 1985 model 
line, due out in a few months. Such a move would bring the price of teletext reception down to 
only a few hundred dollars above the price of a non-teletext set, and would eliminate the need 
for an add-on teletext decoder. 

American Express may have to modify its slogan to "Don't stay home without us." 
The financial-services giant is plunging into videotex services in a big way, preparing to offer 

at-home shopping, travel-planning, bill-paying, and even insurance and stock brokerage 
through its subsidiaries. American Express is also repackaging material from its massive 
worldwide inventory of information-including restaurant reviews, flight schedules, travel tips 
and business ideas-to put online through various videotex and teletext systems around the 
U.S. 

Working with hotel chains, restaurants, travel firms, and others who accept American 
Express cards and travelers checks, the company is also creating new systems to deliver 
travel, entertainment, and business services to videotex customers. In addition, monthly 
videotex service charges will be billed to your American Express card, just as you can now put 
your monthly MCI or AT&T long-distance phone bills on a monthly account. 

AI] of American Express' services are being assembled under the trade name ''Advance." 
The first services are now available to Viewtron videotex customers in south Florida, and later 
this year will go online to Time Mirror Videotex users in southern California. 

United Satellite Communications Inc., the first-comer in the DBS sweepstakes, began 
marketing its five-channel service in the Indianapolis area. USC I, which plans to eventually roll 
out its service nationally, has recruited Radio Shack as its major retail-sales agent- meaning 
that the DBS service will be sold through Radio Shack stores when the system is offered in 
other parts of the country. At its start-up, USC I offered two channels of movies, one channel of 
ESPN all-sports programming, plus two channels that carried a mixture of text news-reports, 
children's programming, music videos, an electronic program-guide, and other material. 
USC I, now using a Canadian Ku-band bird (14/12 GHz), is not currently scrambling its signal, 
although it plans to introduce scrambling later. R-E 
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LETTERS 
Addr~ss your comments to: Letters, Radio-Electronics, 

200 Park Avenue South, New York, NY 10003 

OOOOOPS! 
A potentially dangerous error worked its 

way into the proximity power-switch sche
matic presented in the "New Ideas" col
umn in the May 1984 issue of Radio
Electronics. In the lower right-hand cor
ner of Fig. 1, the neutral line is connected 
directly to the load's hot line, short-circuit
ing the output. The neutral line should not 
be connected to the hot line. Instead, it 
should be connected to the circuit 
ground.(See figure to right.)-Editor 
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Service more than 95 RCA and other brand 
models with these VCR Parts Kits: 

HELP WANTED 

Perhaps you can help us or direct us to 
someone who can. Our problem is this: Re
cently we purchased a Model 10-40 
Electronic Tube Tester. It was manufactured 
by Precision Apparatus Co., 70-31 84th 
Street, Glendale, 27 L.l., New York. On one of 
the old tube supplements it is indicated that 
Precision Apparatus is a subsidiary of 
Pacotronics Inc., same address. 

The instrument seems to be in fine con
dition, but the last Tube Supplementary Book
let is dated 1964. What we need are updated 
Tube Supplements. I wrote to the above 
named company about eight weeks ago, and 
as of this writing , have received no response 
from this. 

If you could offer us any information on this 
continued on page 16 

One source 
for thousands 
of VCR parts. 

RCA VCR parts are available from more than 600 
authorized RCA parts distributors. See your local 
RCA distributor for RCA's new VCR parts kits
they're easy to use and reuse. Each package 
has a handy slide top- and features detailed 
cross-references to other manufacturers' 
model numbers and stock numbers. 

One more thing. Kit prices are lower than 
the total cost of the individual parts. So see 
your RCA distributor today. Also ask for a 
copy of the VCR Parts Cross Reference of 
more than 8000 VCR parts (Form 
1 F6627) and VCR Tool Catalog (Form 
1 F6857) . Or write: RCA Distributor and 
Special Products Division, 2000 Clements 
Bridge Road, Deptford, NJ 08096. 

199094and 199095 Belt Kits, 199096 Lamp Kit , 199097 Fuse Kit, 199300 IC Kit non VCR 
Parts 

II 



THE POMONA PROMISE 
Our constant goal is to provide the design engineer with 

the best banana plugs and jacks made in this country. 
Or anywhere. 

And we've been doing it for 
a long time. Since 1951 in fact. 

That's when we promised 
there wouldn't be anyone in the 
world who could design and pro
duce banana plugs and jacks the 
way we could. 

The world agreed. 
Naturally, as the years have 

passed, we've improved upon our 
original designs. So much so that 
today, our banana plugs and jacks 
are out there alone. In their own 
class. 

The same can be said for ev
ery other product we design and 

produce. And each and every one 
of them is trusted by the profes
sionals of the electronics industry. 

At ITT Pomona Electronics, 
we know there is no such thing as 
standing pat. We also know that 
your needs change and your ex
pectations become greater as the 
demands become more severe. To 
this end we will continue to create 
a better way. A better product. 

That's a promise. 

All of our products are 
described and illustrated in our 
General Catalog, and it's free. Just 
call (714) 623-3463 or 623-6751. 

CIRCLE 72 ON FREE INFORMATION CARD 

TWX 910-581-3822. Write to us at 
ITT Pomona Electronics, a Divi
sion of ITT Corporation, 1500 E. 
Ninth St., Pomona, CA 91766. 

In Europe: ITT CANNON 
BELGIUM S.A./N.V. Rue Colonel 
Bourg Str. 105 Space A (B.3) 1140 
Brussels, Belgium. Phone: 02-735-
6094. 

Our products are available 
through your favorite electronics 
parts distributor. 

ITT Pomona Electronics 
15 
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LETTERS 
continued from page 14 

subject it would be deeply appreciated. 
By the way, the serial number of the instru

ment is 1347, if that will be of any help. 
MAL MILNER 
Milner Electronic Service 
1109 N. John St. 
Frankfort, IN 46041 

CABLE-TV DESCRAMBLING 
The article in the February 1984 issue of 

Radio-Electronics on cable-TV descram
bling methods has generated quite a bit of 
reader interest. Many readers are having 

trouble with the circuit because they cannot 
find certain parts or acceptable substitutes. 
That is partly our error, because we did not 
spell out some of the parts-specifications in 
the article. Let's take a look at some of the 
hard-to-find parts. 

First of all , coil L1 has an inductance of 12 
f.LH ± 10%. It has a minimum Q of 30 mea
sured at 2.52 MHz. Its typical self-resonant 
frequency is 33 MHz and its DC resistance is 
about 2 ohms. 

Coil L2 has a nominal inductance of 0.071 
f.LH. It is made from 3Y2 turns of 0.6-mm diam
eter wire on a 6-mm core. Its unloaded Q is a 
minimum of 120 at 100 MHz. 

The other two coils in the circuit, T1 and T2, 
have a center frequency of 10.7 MHz with a 

continued on page 22 

AT CEI, WE DELIVER YOUR ELECTRONIC 
PARTS FAST AND EFF I Cl ENTL Y, 
ANYWHERE IN THE WORLD. 

CONSOLIDATED ELECTRONICS INC 
Your Complete Electronic parts source 

WATERVLIET AVE.,DAYTON OH 4542 
TELEX : 288·229 

CALL TOLL 
FREE TODAY! 

NATIONAL WATS LINE 

1-800-543-3568 

FOR OUR 
) CURRENT CATAL.~·L!llll 

OHIO WATS LINE 

1-800-762-3412 
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People don't know the importance 
of 40o/o more surge protection 

until lightning strikes. 
Compared to most other surge suppressors, Philips ECG 
Surge Suppressors handle 40o/o greater surge current. They 
tame 53o/o more surge energy. Each has a positive overload 
protector that automatically shuts off equipment in the rare 

event of a massive overload surge. And each clamps . 1 L· ... '.· 

spikes to 24o/o lower voltage. Philips ECG delivers [. l 
almost twice the protection at a competitive price. · 

A good thing to have when lightning strikes. 
Sell maximum protection. Call Philips 

ECG today for the name of your nearest 
distributor: 1-800-225-8326 (in Massa
chusetts, 617-890-6107). 

If it's ECC;It fits. 
And it works. 

PhilipsECG 
A North American Philips Company 

CIRCLE 32 ON FREE INFORMATION CARD 
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Lea111ing e~ect;ronics 
IS DO plCDIC. · 

At any level it takes 
work and a few 

sacrifices. But with 
i CIE, itS worth it. 
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Whoever said, "The best 
things in life are free~ was writing a ~ 
song, not living a life. Life is not 
just a bowl of cherries, and we all 
know it. 

You fight for what you get. You 
get what you fight for. If you want a 
thorough, practical, working knowl
edge of electronics, come to CIE. 

You can learn electronics by 
spending some hard-working time 
at home. Or, would you rather go 
bowling? Your success is up to you. 

At CIE, you earn your diploma. 
It is not handed to you simply for 
putting in hours. But the hours you do 
put in will be on your schedule, not 
ours. You don't have to go to a class
room. The classroom comes to you. 
Why electronics training? 

Today the world depends on 
technology. And the "brain" of 
technology is electronics. Every 
year, companies the world over are 
finding new ways to apply the 
wonders of electronics to control 
and program manufacturing, 
processing ... even to create new 
leisure-time products and services. 
And the more electronics applica
tions there are, the greater the need 
will be for trained technicians to 
keep sophisticated equipment finely 
tuned and operating efficiently. 
That means career opportunities in 
the eighties and beyond. 
Which CIE training fits you? 

Beginner? Intermediate? 
Advanced? CIE home study courses 
are designed for ambitious people 
at all entry levels. People who may 
have: 
1. No previous electronics knowl
edge, but do have an interest in it; 
2. Some basic knowledge or experi
ence in electronics; 
3. In-depth working experience or 
prior training in electronics. 

You can start where you fit and 
fit where you start, then go on from 
there to your Diploma, an Associate 
Degree if you want it, and career. 
Many people can be taught 
electronics. 

There is no mystery to learning 
electronics. At CIE you simply start 
with what you know and build on it 
to develop the knowledge and tech
niques that make you a specialist. 
Thousands of CIE graduates have 
learned to master the simple prin
ciples of electronics and operate or 
maintain even the most sophisti
cated electronics equipment. 
CIE specializes in electronics. 

Why CIE? CIE is one of the 
largest independent home study 
schools that specializes in electron
ics. Nothing else. CIE has the elec-

tronics course that's right for you. 
Learning electronics is a lot 

more than memorizing a laundry list 
of facts about circuits and transis
tors. Electronics is interesting! It is 
based on recent developments in the 
industry. It's built on ideas. So, look 
for a program that starts with ideas 
and builds on them. Look to CIE. 
frogrammed learning. 

That's exactly what happens 
with CIE's Auto-Programmed® 
Lessons. Each lesson uses famous 
"programmed learning" methods to 
teach you important principles. You 
explore them, master them complete
ly, before you start to apply them. 
You thoroughly understand each 
step before you go on to the next. 
You learn at your own pace. 

And, beyond theory, some 
courses come ful!Y. equipped with 
electronics gear l the things you see 
in technical magazines) to actually 
let you perform hundreds of check
ing, testing, and analyzing projects. 
Experienced specialists work 
closely with you. 

Even though you study at home, 
you are not alone! Each time you 
return a completed lesson, you can 
be sure it will be reviewed, graded, 
and returned with appropriate 
instructional help. When you need 
additional individual help, you get 
it fast and in writing from the 
faculty technical specialist 
best qualified to answer 
your question in terms 
you can understand. 

CIE offers you an Associate 
Degree. 

One of the best credentials you 
can have in electronics- or any 
other career field- is a college 
degree. That's why CIE gives you 
the opportunity to earn an Associate 
in Applied Science in Electronics 
Engineering Technology. Any CIE 
career course can offer you credit 
toward the degree ... more than half 
of the number needed in some cases. 

You can also prepare for the 
government -administered FCC 
lFederal Communications Commis
sion) Radiotelephone License, 
General Class. It can be a real mark 
in your favor ... government-certified 
proof of your specific knowledge 
and skills. 
Today is the day. Send now. 

Fill in and return the postage
free card attached. If some ambitious 
person has removed it, cut out and 
mail the coupon. You'll get a FREE 
school catalog plus complete infor
mation on independent home study. 
For your convenience, we'll try to 
have a CIE representative contact 
you to answer any questions you 

may have. 
Mail the card or 

the coupon or write 
CIE (mentioning the 
name and date of 

this magazine) at: 
1776 East 17th 

Street, Cleveland, 
Ohio 44114. 

r -----------------1 . RE 88 
I C I E Cleveland Institute of Electronics, Inc. 

1776 Eas t 17th Street. Clev eland, Ohio 44114 

I Accredited Member National Home Study Council 

YES ... I want to learn from the specialists in electronics-CIE. Send me my FREE I CIE school catalog .. .including details about the Associate Degree program ... 
plus my FREE package of home study information. 

I PrintName ____ :__ ______________ _ 

I Address-----------------Apt __ _ 

I City'-------- State ______ Zip·------

1 Age: ______ Area Code/ Phone No.--1-------

1 Check box for G. I. Bill bulletin on Educational Benefits: 0 Veteran 0 Active Duty 

I MAIL TODAY! 
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THE 
IGH..,. 

FF. 
The growth of NTE quality replacement parts has 
been nothing short of astronomical. And the proof 
is in our new 1984 Replacement Master Guide, 
destined to be the standard directory for technicians 
across the country. In excess of 3,000 quality NTE 
types are cross-referenced to more than 220,000 
industry part numbers. 

YOU'LL FIND ALL THE RIGHT STUFF FOR 
REPLACEMENT, MAINTENANCE AND REPAIR: 

• Transistors 
• Thyristors 
• 'Integrated .Circuits 
• Rectifiers and 

Diodes 
• High Voltage 

Multipliers and 
Dividers 

• Optoelectronic 
Devices 

• Zeners 
• Microprocessors 

and Support Chips 

• Memory IC's 
• Thermal Cut-Offs 
• Bridge Rectifiers 
• Unijunctions 
• RF Transistors 
• Microwave Oven 

Rectifiers 
• Selenium Rectifiers 
• NEW! The Protector 

6000 '" Transient 
Voltage Protection 

· Strip 

Look for our Replacement semiconductors in the 
bright green polybags and cartons that list rating 
limits, device type, diagrams and competitive 
replacement right on the package. NTE quality 
parts are available from your local NTE distributor 
and come backed by our exclusive two-year 
warranty. Ask for your FREE NTE Replacement 
Master Guide and take off with NTE! 

NEW-TONE ELECTRONICS, INC. 
44 FARRAND STREET • BLOOMFIELD, NEW JERSEY 

LBTERS 
continued from page 16 

tuning range of 1 f.LH ± 6% measured at 7.96 
MHz. The unloaded Q is 60 ± 20% at 10.7 
MHz. 

Transistor 02, the BF085, which is no lon
ger manufactured by SGS/ATES has the fol
lowing absolute-maximum specifications: 

Collector-emitter voltage, VeE: 15 V 
Collector-base voltage, Vc6 : 20 V 
Emitter-base voltage, VE6: 3 V 
Collector current, lc: 40 rnA 
Power dissipation, P0 : 200 mW 
DC Current gain, hFE: 40 (minimum) to 200 
Current-gain-bandwidth product, fT: 4 

(minimum) to 5 GHz 
Noise Figure, NF: 3 dB @ 1 GHz.-Editor 

STAY AS YOU ARE 
Your "Stay as you are", comment in the 

March 1984 issue, expresses my sentiments 
exactly. I have been a subscriber for a number 
of years and sincerely hope that Radio-Eiec· 
Ironies will stay as it is now and has been in 
the past. 
ROBERT L. SITLER 
Beaver, PA 

IDEAL SWITCH 
In the "What's News" department of the 

March 1984 issue, you mention a new Gener
al Electric solid-state switch that handles 
12,000 watts. I didn't think a switch was sup
pose to handle any power at all. An ideal 
switch would handle infinite voltage with no 
current when open, infinite current with no 
voltage when closed. 

How much is 0 x x? 
JOHN R. SIMPSON 
Tampa, FL 

What is an ideal switch? If you ever find or 
build one, let us know so we can both get rich. 
Real switches cannot handle infinite volt
ages-the insulation will break down and the 
contacts will arc. Real switches also have a 
finite resistance and cannot pass infinite 
amounts of current-they will melt. Solid
state switches suffer from similar breakdown 
problems. The GE insulated-gate transistor 
(IGT) switch described is rated at 25 am
peres, 500 volts continuous, or 12,500 watts. 
That's not quite infinite, but it's a considerable 
improvement over earlier IGT's. (Incidently, 
0 x x is known as an indeterminate form and 
is undefinable.)-Editor 

OWNER'S MANUAL NEEDED 
I purchased a Precision R.F. Signal Gener

ator, model E-200C. The former owner did not 
have the owner's manual; it was either lost or 
misplaced, and the family was unable to find 
it. 

I made several phone calls to the New York 
area and located the former factory, but the 
present occupants say that the Precision 
Company moved several years ago and left 
no forwarding address. 

Will you ask your readers if there is an extra 
owner's manual for a Precision model E-200C 
somewhere in their shops? 
R.F. STONEMAN 
Roscommon, Ml R·E 

Now we can 
detect a breast 
cancer smaller 
than this dot. 

• 

At such an early stage, 
your chances of living a 
long, healthy life are ex
cellent . But we need 
your help . The only 
proven way to detect a 
cancer this small is with 
a mammogram. A mam
mogram is a low-radia
tion x-ray of the breast 
capable of detecting a 
cancer long before a 
lump can be felt. If 
you 're over 50, a mam
mogram is recommend
ed every year. If you 're 
between 40 and 50, or 
have a family history of 
breast cancer, consult 
your doctor. In addition, 
of course, continue your 

~ 
regular self-examina
tions. 

~ Arna1arl Cancer Society 



THE ULTIMATE IN VIDEO SWITCHING. Fi
nally a Video Switch with precision solid state 
electronic switching and a touch of class. 
"The Beta Bunny" features "one touch" 
control membrane panel; excellent video clar
ity; bright LED true position indicators; lux
·urious solid oak or simulated dark walnut 
wood enclosure ; 6 inputs and 3 outputs. Kit 
fprm $99.95, Assembled $129.95. Add $4.95 
shipping/handling. BETA ELECTRONICS, 
2081-A 3RD ST., RIVERSIDE, CA. 92507 
(714) 788-2701. 

CIRCLE 22 ON FREE INFORMATION CARD 

MAE-3, VAGI MICROWAVE ANTENNA -
High quality up to 60 dB gain 1.9-2.5 GHZ-50 
mile range possible clear TV picture, pre as
sembled probe with down converter, 
1.9-2.5GHZ, power supply and RF amplifier, 
1.9-2.5GHZ, 30dB gain, with co-ax cable in
cluded. All mounting hardware, for fast and 
easy installation. Special $89.95. Available 
by phone or mail order only. Check or money 
order, 5% Shipping and Handling on all or
ders. KASHIWAGI ELECTRONICS CORP., 
3555 So. Highland Suite 14 Las Vegas, Ne
vada 89103, 702-367-1241. 

CIRCLE 63 ON FREE INFORMATION CARD 

THE MOST EXCITING KIT YOU WILL EVER 
BUILD The model WAT-50 miniatureFM trans
mitter uses a 4-stage circuit NOT to be con
fused with a simple wireless microphone. Up 
to 1 mile range. So sensitive, it will pick-up a 
whisper 50 feet away! Use with any FM radio. 
Complete kit only $29.95 tax incl. FREE 
SHIPPING DECO INDUSTRIES, BOX 607, 
BEDFORD HILLS, NY 10507. 

CIRCLE 24 on FREE INFORMATION CARD 

VIDEO 

SCRAMBLING 

l£CHNIQUES 

SUBSCRIPTION TV MANUAL. This infor
mation packed book details the methods 
used by subscription TV companies to 
scramble and descramble video signals. 
Covers the Sinewave, Gated Pulse, SSAVI 
system, and the methods used by most cable 
companies. Includes circuit schematics, the
ory, and trouble shooting hints. Only $12.95 
plus $1.50 first class P&H. Info $2.00, refun
dable. RANDOM ACCESS, Box 41770-R, 
Phoenix, AZ 85080. 

CIRCLE 31 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

• 6 x rate $605 per each insertion. 
• Reaches 235,323 readers. 
• Fast reader service cycle. 
• Short lead time for the placement of 

ads. 
• We typeset and layout the ad at no 

additional charge. 

Call 212-777-6400 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: mini
ADS, RADIO-ELECTRONICS, 200 Park 
Ave. South, New York, NY 10003. 

APPLIANCE REPAIR HANDBOOKS-13 
volumes by service experts; easy-to
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, microwaves, etc.), elec. 
housewares , personal-care appliances. 
Basics of solid state, setting up shop, test 
instruments. $2.65 to $5.90 each. Free 
brochure. APPLIANCE SERVICE, PO Box 
789, Lombard, IL 60148. 1-(312) 932·9550. 

FREE 1984 ELECTRONIC TOOL & IN
STRUMENT CATALOG is packed with over 
5,000 quality technical products for assem
bling, testing and repairing electronic equip
ment. All products fully illustrated with 
photographs, detailed descriptions and pric
ing to allow for easy ordering by phone or 
mail. Most orders are shipped within 24 
hours. 100% satisfaction guarantee. 
CONTACT EAST, 7 Cypress Drive, Burling
ton, MA 01803. (617)272-5051. 

CIRCLE 50 ON FREE II'IIFORMATION CARD 

'Bring in those hard to get 
low priced amateur microwave T.V. receivers. 
HMR Mini-$64.95; HMR Daisy Dish
$69.95; Spectra Dish-$89.95; MDS 52 
ROD-$89.95. All systems complete and 
fully guaranteed. Free Shipping. Cable con
verters call or write for quantity pricing. Add 
$4.00 for COD orders. Call today. H.M.R. 
Sales, 221 East Camelback, Suite 1, 
Phoenix, Arizona 85012, Phone 602-993· 
0398. 

CIRCLE 38 ON FREE INFORMATION CARD 

ZENITH Z· TAE CABLE T.V. Descrambler. 
Brand new tag along. For Complete informa
tion and our Catalog SEND 5.00 to R&M Dis
tributors, P.O. Box 266-R15, Boston, 
. MASS. 02190. REMIN-1032. 
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1946. 
Sams Introduces PHOIOFACT: 

The Inside Track 
To Servicing Your Microcomputer 

The Inside Track To Servicing Your 
Microcomputer. 
It started in the early days of television. 
Sams beg~n reconstructing and 
documenting how technology works 
and published its first PHOTOFACT TV 
servtce manual. · 

But Sams didn't stop there. Sams 
continued to apply its technical 
expertise in new areas. And in 1967, 
released the first computer book. 

Now Sams has combined its 
knowledge of computers and 
technicalservicif!g to bring you 
COMPUTERFACTS-the f irst and only 
technical manual series for servicing 
today's microcomputers and 
peripherals. 

The Facts Remain Clear. 
Buy Sams COMPUTERFACTS and 
you've got the inside track to 
servicing and maintaining your 
computer yourself. Because with 
COMPUTERFACTS, you have 
everything you need to understand 
how your computer is put together 
and how you can make it work better. 

W Offer good in USA only. Prices and availability subject to change without notice. 
6 In Canada, contact Lenbrook Electronics, Markham, Ontario LJR 1H2. 
Ci Apple. is a registered trademark of Apple Computer, Inc. Commodore is a registered trademark of Commodore Business Machines Inc. Atari is 
<( a regostered trademark of Atari, Inc. Osborne os a registered trademark of Osborne Computer Corporation. Diablo is a registered trademark 
a: of XEROX CORPORATION. TI99/4A is a registered trademark ofTexas Instruments, Inc. PHOTOFACT is a registered trademark of Howard W. 

Sams & Co., Inc. COMP!JTERFACTS is a trademark of-Howard W. Sams & Co., Inc. 
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1984. 
Sams Introduces COMPUTERFACTS: 

COMPUTERFACTS are available for 
every ma/· or computer and component 
made inc uding data storage devices, 
modems, and printers b~ Apple®, 
Osborne® Commodore•, Atari®, 
Diablo®, TI99/4A®, and others. 

And like PHOTOFACT, 
COMPUTERFACTS cover every circuit, 
chip and control thoroughly and 
accurately with pages of: 
• Fully-diagrammed schematics 
• Disassembly instructions 
• Logic charts 
• Parts descriptions 

• Terminal guides 
• Troubleshooting hints 
So you can spot and service problem 
areas in minutes. 

COMPUTERFACTS Give You More. 
If you want more out of you r computer, 
get more into it with COMPUTERFACTS. 
Only COMPUTERFACTS can be used 
alone or with your favorite computer 
guide to improve operation, change 
configuration, replace defective parts, 
and more. 
So get Sams COMPUTERFACTS 
and get on the fast track to better 
computing. To orderf visit your local 
Sams dealer. Or cal OPERATOR 164 
at 317-298-5566 or 800-428-SAMS. 

------------~S~Nd-TM __________ __ 
What Technology Is All About. 

HOWARD W. SAMS & CO. INC. 
4300 West 62nd Street, P.O. Box 674 

Indianapolis, IN 46268 
CIRCLE 25 ON FREE INFORMATION CARD 25 



EQUIPMENT REPORTS 

Ungar Electronic Soldering 
System 9000 

This soldering system lets 
you set the iron · 
temperature precisely 

CIRCLE 101 ON FREE INFORMATION CARD 

IC Test Clips 
Unlike "clothespin" type test clips which can 
stress IC's and even accidentally loosen or 
extract them, the CHIP-CLIP attaches by means 
of a snap-action locking ring that ensures 
reliable contact but with virtually no stress to the 
device under test. 

WHETHER YOU ARE BUILDING AN ELEC

tronics project or repairing a piece of 
equipment, the most critical part of the 
job is the soldering. That's because even a 
single cold solder joint or solder bridge 
can cause a device to fail, and tracking 
down the source of that failure can often 
be next to impossible . 

Of course, the most important part of 
the soldering operation is the iron itself. 
Well, for those who need or demand the 
best , Ungar (Division of Eldon Indus
tries , Compton , CA 90220) offers their 
Electronic Soldering System 9000. That 
unit offers a selectable-temperature preci
sion soldering iron, a built-in iron stand, 
and a large capacity sponge tray. 

The unit is designed for maximum fl~x-

continued on page 32 

PRB·l Logic Probe 
Compatible with DTL, TTL, CMOS, MOS and 

Micro-processors using a 4 to 15V power 
supply. Thresholds automatically 

programmed. Automatic resetting memory. 
No adjustment required. Visual Indication of 

logic levels, using LED's to show high, low, bad 
level or open circuit logic and pulses. Highly 
sophisticated. Eliminates need for heavy test 

equipment. A definite savings in time and 
money for Engineer and Technician. 

PLS·l Logic Pnlser 
is a multi-mode high current pulse 

generator packaged in a hand-held 
instrument. Signal injection is by 

means of a pushbutton switch 
near the probe tip. 

Pulse polarity is automatic. Holding 
the button down delivers a series of 

of 20 pps to the circuit under test. 

3455 Conner Street. Bronx, New York. 1 0475. U.S.A 
Telex 125091 OK NYK Telex 232395 OK NY UR. 

CIRCLE 7 ON FREE INFORMATION CARD Phone (212) 994-6600. 
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We gave 
solderless breadboarding 

anew name. 
Proto-Board® breadboards, by 

Global Specialties. T~e leading name in 
solderless breadboarding. 

You find them wherever electron
ics is important. From labs to production 
lines to classrooms to home workshop 
benches. Their name, synonymous with 
solderless breadboarding. And for 
good reason. 

Proto-Board breadboards intro
duced eng1neers, technicians 
and hobbyists to a new way 

of designing and building electronic 
circuits: as fast as they can think. 
Testing , modifying and expanding as 
quickly as new thoughts occur. 
Saving precious time and money by 
freeing creativity from manual labor. 

Global Proto-Board 
products are arrays of 

solderless sockets and 
bus strips that 

emulate PC 
board layouts 

while permitting instant insertion 
and removal of components from the 
largest DIP to the smallest discretes. 
With a rugged construction bui lt to pro
vide positive connections and withstand 
day-in, day-out professional use- even 
as test fixtures . And mounted on sturdy 
metal backplanes, for extended high
frequency use and extra durability. 

Their value and versatility are why 
so many professionals and hobbyists 
are "Proto-Board"-ing . And why you 
should be, too. 

Available with precision, fixed 
and variable regulated power 
supplies. or in unpowered versions, 
Proto-Board breadboards come 
in a variety of sizes and config
urations. to meet virtually any 
c ircuit design challenge. 

70 Fulton Terr .. New Haven. CT 06509 (203) 624-3103, TWX 7t0-465-t227 
OTHER OFFICES: San Francisco (415) 648-0611, TWX 910-372-7992 
Europe: Phone Saffron-Walden 0799-21682, TLX 817477 

GLOBAL SPECIALTIES Canada: Len Finkler Ltd .. Downsview, Ontario 

An lnterplex Electronics Company 

*Suggested U.S. resale Prices. specifications subject to change without notice 

CIRCLE 33 ON FREE INFORMATION CARD 
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In Computer Electronics ... 

NTS UlTADfUCTM HOME 
TRAINING GIVES YOU 

(J) 
0 

THE EDGE 
The competition for 
High-Technology 
careers is strong, 
and the rewards 
are great. Give 
yourself the edge 
you need by training 
with NTS. 

NTS lflTAOfUC home training provides 
you with a special kind of "Hands-On" 
experience that prepares you better, 
develops your skills faster. You advance 
as quickly as you wish, working with 
actual circuits, diagrams, schematics, 
and state-of-the-art hardware. There are 
a dozen different NTS programs in 
electronics to help you develop and 
reach your potential. They range from 
basics to advanced areas in several 
fields. And the ALL-NEW NTS course 
catalog spells it all out. It's free, and 
does not obligate you in any way. Send 
for it today. 

A GROWTH INDUSTRY 

~ High-Technology is a growth industry. The 
g: evidence is clear, and most observers predict a 
~ steady expansion due to a relatively strong flow 
u:l of investment capital into computers, electronics 
o and precision instruments. Sales of computers 
~ alone will reach an estimated ten million units 
a: this year. This means challenges and new 

28 

employment opportunities, especially in 
servicing and maintenance. Computer servicing 
skills can best be learned by working directly on 
field-type equipment. NTS electronic hardware is 
selected and developed especially for the 
training program with which it is associated. You 
learn by doing, by assembling, by performing 
tests and experiments, covering principles of 
computer electronics, microprocessor trouble
shooting, and circuitry. 

MICROCOMPUTERS 

NTS offers three programs in computer 
electronics. You will receive training covering 
solid-state devices, digital logic circuitry, and the 
fundamentals of the computer itself. Instruction 
includes micro-control technology and detailed 
operation of microcomputers. These courses will 
prepare you for entry-level in many facets of the 
computer industry such as field service and 
customer engineering as well as programming. 
In addition to written texts your course includes 
the NTS/HEATH disc-drive computer which you 
assemble as part of the training process. The 
assembly and use of the computer will serve to 
reinforce practical application of principles. 



MICROPROCESSOR TECHNOLOGY 
The field of industrial and microprocessor 
technology encompasses the application of • 
electronic microprocessor control princ iples . 
Your course takes you from fundamentals of 
digital electronics and associated circuitry 
through the application of the microprocessor as 
a control device. You will learn how to move and 
manipulate instructions and information . The 
microprocessor trainer included in your course is 
a microcomputer system designed as a practical 
tool for learning the use of software and 
hardware techniques utilized in the linking of 
microprocessors to various systems. 

DIGITAL ELECTRONICS 
A.. 

The NTS Compu-Trainer is a fascinating solid
state device which you will bui ld in order to 
perform over ninety logic circuit experiments . 
These experiments serve to emphasize an area of 
electronics wh ich is essential to the under
standing of state-of-the-art control equipment; 
they are also extremely important to those 
wanting to pursue a career in computer 
servicing . Separate courses involving the 
Compu-Trainer are also available in 
Microcomputer Servicing and Digital/ Analog 
Electronics. 

ROBOTICS & VIDEO TECHNOLOGY 
.J' • 

Other NTS courses cover a wide range of 
specialization . In Robotics, the NTS/Heath Hero I 
is included to train you in robotic applications in 

NO OBLIGATION NO SALESMAN WILL CALL 

.. NATIONAL I!§ TECHNICAL 
SCHOOLS 

TECHNICAL TRADE TRAINING SINCE 1905 
Resident and Home-Study Schools 

4000 So. Figueroa St., Los Angeles, CA 90037 

manufacturing processes. In Video technology, a 
new course features the advanced NTS/ Heath Z 
Chassis "Smart Set" color TV with computer 
space command remote control and space 
phone. This is an excellent program for those 
interested in a career in video servicing with 
microcomputer basics. 

EARN CEU CREDITS 
America's industrial giants are turning more and 
more frequently to home study as an effective way 
to upgrade employee skills. You benefit from the 
experience NTS has gained in its 79 years as a 
leader in technical training . The skills and 
experience gained in the building of kits and test 
equipment provide you with training that cannot 
be duplicated . And , 
depending on fhe 
program you select, 
you can earn up to 
30 CEU credits for 
successful 
completion . 
Complete details 
included in the 
catalog. 

Use the ma/1-/n card or fill out and mal/the coupon. Indicate the field of your choice. 
(One, only please.) FREE full color catalog will be sent to you by return mall. 

,----------------------------------------, 
NATIONAl TECHNICAL SCHOOLS Dep• 206-074 

4000 South Figueroa Street, Los Angeles, CA 90037 

Please send FREE color catalog on course checked below: 

D Robotics D Computer Electronics 
D Digital Electronics D Video Technology 
D Auto Mechanics D Home Appliances 

D Air Conditioning / Solar Heating 

Name _______________ Age __ _ 

Address _______________ Apt. ---

City _____________ state ____ _ 

Zip Phone ( 

0 Check if interested ONLY in classroom training in Los Angeles 
D Check if interested in G.l. Bill Information. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L----------------------------------------J 
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EQUIPMENT REPORTS 
continued from page 26 

ibility and convenience. The soldering 
station can be placed directly on a work
bench using the base provided, or, if desir
ed , the system control module , which 
houses the unit's electronics, can be re
moved from the base and placed under the 
workbench or on a shelf. The system con
trol module can also be mounted under a 
she lf or on a wall using an optional 
mounting bracket. In addition, the iron-

R-2000 
SSB, CW, AM, FM, digital 
VFO's, 10 memories, memory/ 
band scan, optional118-
174 MHz coverage ... 
The R-2000 is an innovative all-mode 
SSB, CW, AM, FM receiver that covers 
150 kHz-30 MHz, with an optional 
VC-10 VHF converter unit to provide 
coverage of the 118-174 MHz 
frequency range. 

R-2000 FEATURES: 
• Covers 15 0 kHz- 3 0 MHz in 30 bands. UP/ 

DOWN ba nd switches. VFO's tune across 150 
kHz-30 MHz. 

• A ll mode: USB. LSB. CW. AM. FM. 
• D igital VFO's. 5 0 -Hz. 500-H z or 5 -kHz steps. 

F. LOCK switch . 
• Ten m e mories store fre quency. band, a nd 

mode da ta. Each m emory may b e tuned as 
a V FO. O r ig inal m em o ry frequen cy m ay b e 
recalled . 

• Lithium ball. m emory b ack -u p . (Est. 5 yr. life}. 
• M em o ry scan . Scans all o r sel ected m emories. 
• Programmable band scan. Scans within pro

grammed bandwidth . 
• Fluorescent tube dig i ta l display of frequency 

(100 Hz r esolution} o r t ime. D IM sw itch . 
• Dual 24 -hour quartz clock s. w ith timer. 
• Three bui l t-in IF filters with NARROW/ WIDE 

sel ector switch. (CW filter optional.} 
• Squel ch circuit. a ll mode. buil t-in. 
• Noise blanke r built-in . 
• Tone control. 
• La rge front m ounted sp eak er. 
• RF step a ttenuator. (0·10· 2 0 -3 0 d B.} 
• A GC switch . (S low-Fast.} 
• .. S .. m eter. with SINPO .. S .. scal e. 
• High and lo w impedan ce antenna termina ls. 
• 100/120 / 220/ 2 40 VAC. or 13 .8 VDC (Optio n} 

operation . 
• RECORD outputjack 
• rimer REM OT E output (not for A C p ow er} 
• B eeper" 
• Carrying h andle. 

holder and the sponge tray can be posi
tioned to accommodate either right-hand
ed or left-handed users. 

Setting the temperature 
But what really sets that unit apart is the 
adjustable temperature scale. Since the 
idling temperature can be adjusted over a 
range of 420°F to 800°F (215.5°C to 
426.6°C), the user can set the idling tem
perature according to the requirements of 
a specific application. The settings are 
arranged in increments of 20°F over two 
ranges. Once set, the system will main-

. tain the temperature to within ± 10°F. 

R-600 Genera l coverage r eceiver •15 0 
kHz - 30 MHz • dig i ta l d isplay • 2 IF filters 
• PLL UP conversion • noise blanker • RF 
attenuator • front sp eak er • 100· 2 40 VAC 
(Optional 13.8 VDC}. 

Optional accessories: 
• VC-10 118 -17 4 MHz converter. 
• H S-4. H S-5, HS-6. HS-7 h eadpho n es. 
• D CK -1 DC cab le kit. 
• YG -455C 5 00-Hz CW filter. 
• HC-10 World digita l quartz clock . 
• A L -2 Surge Shunt 

KENWOOD 
TRIO-KENWOOD COMMUNICATIONS 
1111 West Walnut/Compton, CA 90220 
Telephone: (213} 639·9000 
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Ungar 9000 

OVERALL 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRIG~ 
VALUE 

1 2 3 4 5 6 7 8 9 10 

~~/ 
An LED-bargraph-type display is used 

to show the actual iron temperature. That 
type of display is used so that you can see 
clearly and directly that the unit has reach- . 
ed or is maintaining the selected tem
perature . A pulsating LED on the display 
indicates slight variations in iron tem
perature. 

The system control module · and base 
are made of attractive black and beige 
plastic. As is appropriate in this type of 
device , all the plastics are self-extinguish
ing to reduce any chance of a fire . Also for 
safety, the system is three-wire grounded , 
burn-resistant cords are used, and circuit
breaker protection is provided. 

Operation ofthe unit is simplicity itself. 
The unit is switched .on using a front
panel POWER switch, and the desired tem
perature is selected using the RANGE 

switch and TEMPERATURE slide control. 
Once he well-balanced iron with cool grip 
has reached the proper temperature, 
you're set to go. All controls and the read
out are located on the system-control 
module. 

Calibration of the unit is done against 
room-temperature. The procedure is done 
with a cold iron by turning the unit off, 
placing the RANGE switch in the center 
CALIBRATION position, and then turning 
the unit on. Once that's done, the ADJ 

control is rotated- using a slotted screw
driver- until the temperature readout, 
disregarding the the last zero, indicates 
the room temperature . That is, for a room 
temperature of 70°F, the readout should 
indicate 700°F. 

As you might expect, the instruction 
manual is really no more than a four-page 
flyer. It covers some of the features of the 
unit , and briefly goes over its installation, 
use, calibration, and maintenance. Also 
included are some pointers on the prepa
ration and care of soldering-iron tips . 
There is no information regarding the the
ory of operation, or a schematic. A list of 
user-replaceable parts , and their Ungar 
part numbers, is provided. 

With its list price of $190.00, the Elec
tronic Soldering System 9000 is ob
viously not aimed at the occasional user. 
But, if you do a lot of building or repair
ing, and you are serious about the work 
that you do, then this unit , with its com
bination of precision and convenience 
fe atures , is going to be hard to beat. R-E 



Sabre Electronics Inc. 
Calc-U-Dial Automatic 

Dialer 

An automatic call dialer 
that's also a call timer 
and a calculator 

CIRCLE 102 ON FREE INFORMATION CARD 

IN THESE DAYS OF HIGH LONG-DISTANCE 

phone bills, it's not uncommon to sub
scribe to one of the independent long
distance telephone services .- But using 
one of those services usually involves en
tering a long billing or access number. 
That is an inconvenience, and there is 
always a chance that you might forget the 
number or make a mistake entering it. 
Also , using those services requires a 
phone that generates DTMF(Touch-Tone) 
tones . If you only have pulse (rotary) 
equipment you are out of luck . That is, 
unless you have a device such as the Calc-

U-Dial from Sabre Electronics (344 El 
Camino Real, San Carlos, CA 94070). 
But, as we'll soon see , that device is far 
more than just a telephone dialer. 

A dialer 
The unit is a hand-held device that gen

erates DTMF tones. No direct connection 
to telephone equipment is needed. When 
dialing a number, the unit 's rear speaker is 
held up to the mouthpiece of the tele
phone 's receiver. 

Up to six 16-digit numbers can be 
stored. The storing process is simplicity 

itself. The device is turned on and placed 
in the store mode by pressing the STOR 

button . Then , using the calculator-type 
keypad , a storage " location" from one to 
six is selected and the number entered. 
Once the number is entered, the store 
mode is exited and the unit is turned off by 
pressing the STOR button a second time. 
So that you don ' t forget where each 
number is stored , an area for writing down 
that information is provided on the back of 
the unit. 

The unit is capable of generating all of 
the DTMF tone pairs, including* and#. 
ln addition , if you require a pause in your 
dialing sequence , it can be stored using a 
P button on the keypad. 

As easy as entering a number is, dialing 
one is even easier. All you do is hold the 
unit ' s s peaker to the telephone's 
mouthpiece , press AUTO, and key in the 
memory location of your number; the di
aler does the rest. Once the number has 
been dialed , it is shown on the unit's tO
digit LCD readout. For stored numbers 
longer than 10 digits , a ± key can be used 
to alternately view the first and second 
part of the number if you wish. 

The dialer also has an automatic redial 
feature. That allows you to redial the last 
number called by simply pressing the 
REDL key. 

continued on page 36 

GET THE SAME VIDEO TRAINING 
THE PEOPLE AT SONY GET. 

Now you can be trained by Sony even if you 
aren't employed by Sony. 

Because we're making our vast library of train
ing videotapes available to you. The very tapes that 
teach our own engineering, service and sales personnel. 

The tapes cover the products and concepts of 
video and its related technologies. You can learn the 
basics of video recording. Color systems. 
Digital video and electronics. Television 
production. And more. 

Plus you can learn how to service 
cameras,VTR's, and other video products. 
As professionally as Sony does. 

The tapes are pro
duced entirely by 
Sony and contain 
up-to-the-minute 
information. They 
communicate clear
ly and simply. And 
some of them are 
even programmed for 
interactive learning. 

. And learning through video can be done at 
your own pace, in the convenience of your home, 
shop or school. Reviewing is quick and easy. And 
the tapes are always available for reference. 

Send for your catalog, which lists more than 
250 titles. In your choice of 3/ 4" or 1/2" formats. 

Write Sony Video Products Com
pany, Tape Production Services, 
700 W. Artesia Boulevard, 
Compton, California 90220. 

Or call (213) 537-4300. 
Of course, there's no 

obligation. Except the 
obligation you have to 

yourself: to find out 
about the best train
ing available in 
one of the country's 
fastest-growing, 
most lucrative fields. 

SON"Y; 
Video Communications 

Sony is a reg. trademark of Sony Corp. 

33 
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UNGAR DESOLDERING & SOLDERING . . . ' ' 

Special Pricing .•. Special Free Offer 
. . 

Hot· VAC Desoldering System Electronic Temperature 
Controlled Soldering System 
with Built·ili Controller 

~~rc~PECIAL $8995 
. UM&lft9\00 f D J: C w\th purchase ot 

1(1l~~ ungar4o00 

BuiiHn vacuum pump eliminates the need .for shop air. Compact design an.d portabili ty 
make it ideal for use at any location where there is an AC electrical plug-in outlet. 

~~i~~~~~~~~e.~ii~~~~~~:~~;r :U~~~h~~~~~~~~rft~~g~fy ~~~~~.~~;~~~~e switch is 
actuated. · 

Includes: base unit with built-in control ler, micro-size handle with THERMO-DURIC 
heater, 1 / 16" # 9012 screwdriver tip, sponge and tip tray, sponge, and Iron Holder. 
A low cost alternative in an operator-adjustable, temperature controlled soldering 
system. 

Temperature Conti'ol: Variable solid-state cOntrol that adjusts. the Jip temperature from 
500° - 1000°F. An electric circuit assures that transie~t spikes are. fully suppressed thereby . 
making the system safe for desoldering voltage-sensttive components. 

~P~:~~r?~~JU~1~~~~~~ ~O~rf6u8~8??tr~l6~n~~~uus~v~~fi~~!ico~t~~~~y6~r~~~ 
· select the exact temperature you need • Neon "on-off" tight • Iron Holder can be 

right- or left-hand mounted to accommodate all operators. 

TOLL FREE (800) 645•9518 
FORDuaaa~-· ... ~ . ruun~~ 
260 Motor Parkway, Hauppauge, N.Y. 11788 

in N.Y. State 800-832·1446 
• VISA • COD • Ma.ster Charge 
• Money Order N.Y. State residents add 
• Check appropriate sales tax. 
COP's extra (required 25% deposit) 

ADD FOR SHIPPING AND INSURANCE 
$250.00 ... . $4.50 

$251 .00 to 500.00 .. ••. . 6.50 
501.00 to 750.00 . . . . 8 .50 
751.00 to 1000.00 . . .. 12.50 

over 1000.00 . . ..• . .. . ... 15.00 

FORDHAM DISCOUNTS DISCOUNT 
PRICES ON HITACHI SCOPES . 

We will beat any advertised price 

35 MHz DUAL TRACE SIGNAL DELAY LINE 
Vertical sensitivity 5m V/div to 5V/div 
and 1m V/div to 1 V/div with 5X 
amplilier • Trigger modes Auto
matic, Normal, TV(+), TV(~) . 

REG $895 
OUR PRICE 

$59995 
WITH PROBES 

260 Motor Parkway, Hauppauge, N.Y. 11788 

V·355F 

60 MHz DUAL TRACE 
DELAYED SWEEP 

High sensitivity • 1 mV/div 
(1 0 M Hz) • 5 ns/div sweep rate 
• 3rd channel d isplay (trigger 
view) • Variable trigger hold·off 
• Full TV trig- . OUR PRICE 
genng • S1ngle $995 sweep • Auto
matic locus 
correction. 

WITH PROBES 

100 MHz QUAD TRACE 
DELAYED SW~EP 

Large, bright 8x1 0 em screen 
• Quad trace operation/Ch1 , Ch2, 
A trigger and B trigger • High 
sensitivity 500 !" V/div (5 M Hz) 
• Full TV 1 

triggering $1299 95 ~~~~~-. ....._ ___ ..._...,; 
WITH PROBES 

in N.Y. State 800-832·1446 
• VISA • COD • Master Charge 
• Money Order N.Y. State residents add 
• Check appropriate sales tax. 
COD's extra (required 25% deposit) 

ADD FOR SHIPPING AND INSURANCE 
$250.00 .... $4.50 

$251.00 to 500.00 •... .. 6.50 
501 .00 to 750.00 . . . • 8 .50 
751.00 to 1000.00 ... . 12.50 

over 1000.00 . . ....•• . . . . 15.00 



BECKMAN Circuitmate® DMM 

MODELDM73 

$6995 
$6495 $7995 ~~~~L 

• 3 1h-digit. pocket-size mult1meter • 
0.5% Vdc accuracy • diode test • 
capac1tance • continuity beeper • 
conductance • 10 amps AC and DC 
ranges • auto-polarity • auto-zero • 
auto-dec•mal. 

• Smalle~t digital m~l~imeter on the n1arket • Probe
style des1gn makes •t •deal for taking measurements in 
hard-to-reach test areas. 

• 3 1h-digit. pocket-s ize multimeter • 
0.8% Vdc accuracy • d iode test • hFE 
test • conductance • 10 amps AC and 
DC ranges • Autopolarity • Auto-Zero 
• Auto-dec•mal 

B&K PRECISION 
100 MHz FREQUENCY COUNTER OUR PRICE 

MODEL 1803 $14450 
REG. $169.95 

• 5Hz to 100 MHz range • 8 digit LED 
d isplay • Leading zero blanking • Low pass 
fi lter • BNC Connector Input • Overtlow 
Indicator • Battery or AC powered 
• Charger/AC Adaptor included with Model 

.1803. 

NTSC COLOR BAR GENERATOR 
MODEL 1251 
REG. $995.00 

OUR PRICE 

$84995 
• G.enerates a w ide variety of test s ignals and patterns for comprehensive testing. 

~e~i~~Jl ~~~e~ddY~~Tu~~ ~:a~~~~~YN~~~p;g,g; b~~s~i~i~Q~~~dvi~~~c~1~i~~~~ levels 
of burst phase chrominance • A full assortment of convergence patterns, raster 
colors gated or full field multiburst. 

BPoiGITAL 
CAPACITANCE METER 

MODEL DCM-601 
REG. $149.95 

OUR PRICE 

$7995 
• Digital display easy and correct 
readout • Hrgh accuracy: 100 PPM 
0.5% • LSI-circuit provides high 
rellabilrty and durability • LCD display 
provides low power consumption. 

FLUKE 70 
• Analog Display • Rotary Knob 
• Volts AC & DC • Resistance to 32 Mn 
• 10 Amps • Diode Test • 3200 
Counts .• Fast Au_toranging • Function 

6~~~~T~~~~s~n2~08~~~u~~~~~ry Lilfe 
w/Power Down "Sleep Mode" • New 
Test Leads • VDE & UL Approval 

75 
s95oo 

FORDHAM 
550 MHZ 
FREQUENCY COUNTER 

OUR PRICE . 

~~~EL $14995 
REG. $199.95 
• 8-digit high frequency counter with a 

§'"rj~h ."~~~~?~Te11~Pa";s~~'b~e~n~l~re-
Calibrated. Pre-tested. 

73 

MODEL V-222 (20 mHz) 
REG. $695.00 

PORTABLE OSCILLOSCOPES 
MODEL V-422 (40 mHz) 
REG. $895.00 

CALL FOR SPECIAL PRICING 
• New series of scopes provides high performance a~d light weight • Large 6-inch 
rectangular, internal graticule CRT • Autofocus circu1t and scale illumination • DC 
offset funcion • . Voltage and frequency reading outputs • High accuracy - ±3% 
• High sensitivity- 1 mV/div. 

LEADER NTSC WAVEFORM MONITOR 
MODEL LBQ-5860 
REG. $2050.00 

Permits diSplaying vertical interval test and reference 
signals by front panel line selector. 

NTSC VECTORSCOPE 
MODEL LVS.5850 
REG. $2050.00 

Convenient method lor observing and measuilng the 
relative phase and amplitude of chrominance signal 
components. 

VIZ DC TRIPLE POWER SUPPLYST 
MODEL WP.708 
REG. $489.00 
OUR PRICE 

$39995 

WELLER 

MODEL EC1000 
OUR PRICE 

$10995 
• Identical to the EC2000 except LED 
Digital temperature readout 
• The EC1000 is dial controlled. 

RING STATION 
EC2000 

OUR PRICE 

$13995 

35 
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EQUIPMENT REPORTS 
continued from page 33 

Finally, numbers that are not stored in 
memory can be dialed by placing the unit 
in the manual mode. That's done by press
ing the MANL button and keying in the 
digits. One potential problem in using the 
device in that manner is that keying in a 
long number while holding the rear 
speaker against the telephone's 
mouthpiece can be inconvenient. For
tunately, the redial feature also works with 

numbers entered in the manual mode. 
Thus , all you need do is to enter the 
number, turn off the unit, then hold the 
speaker up to the telephone's mouthpiece 
and press REDL. When used in that man
ner, the redial feature acts as a seventh 
storage location. 

A call timer 
If the Calc-U-Call were just a dialer it 

would still be a handy device. However, 
the unit does much more . For instance, it 
is also a call timer. Thirty seconds after a 
call has been made using either the AUTO 

or REDL keys, the dialed number display 

Instrument Mart 
and Leader 

: • 2 s a.a a a a a • .. """"' 

::: · a a. a a a a a· .. """" 

For Instruments 
You Can Count On 

PRICES START AT $210.00 
2-YEAR WAI(IRANTY 

LEADER frequency counters lead a shielded life 
and are built to last. That's why INSTRUMENT 
MART recommends them to customers in severe 
RF and educational environments. 

Buying a counter can be a confusing job. There are 
optional time base stabilities, different gate times 
and resolutions, and any number of variables that 
affect performance. Call -INSTRUMENT MART to 
discuss which of our more than 20 counters are 
right for your application. We've been doing it for 
over 15 years. 

All available at competitive prices. Call us and 
compare. 

• un The Professional Test Equipment Source 

The Instrument Mart 
295 Community Drive. Great Neck. New York 11021 
(5161487 -7 430 Outside NY (8001645-6535 

Sales, Service, Rental/ Leasing Programs ~ llit.:::!DJ 
. .. and Pre-Owned Test Equipment also Available- 'CSCJ 

CIRCLE 8 ON FREE INFORMATION CARD 

blanks and is replaced by the duration of 
the call in minutes and seconds. The unit 
will time calls up to 50 minutes long. 
After 50 minutes, the unit will turn itself 
off. The call timer can be turned off before 
50 minutes by simply pressing the OFF 

button. 

Sabre Calc "U" Dial 

OVERALL 
PRICE 

EASE 1- ·-·- i- 1-
OF USE 

INSTRUCTION 1- 1- ;--l-MANUAL ,, 

PRIC'll 
,, 

VALUE 1- 1- 1-

1 2 3 4 5 6 7 8 tllll 

~v~.,. 

A calculator 
Lastly, but certainly not least, the Calc

U-Dial automatic dialer also is an 8-digit 
calculator. In addition to the normal arith
metic functions ( + , - , x , .;.- ), the unit 
can square, do square roots , and take per
centages . In addition , the unit can accom
modate scientific-notation entry and dis
play. When scientific notation is used, the 
exponent (power) of 10 is shown at the far 
right of the display. 

The small manual that comes with the 
Ca/c-U-Dial does a good job of explain
ing how to use the unit, and detailed ex
amples are given for a variety of 
circumstances. As you would expect in a 
consumer unit of this type, no technical 
information is provided. 

All-in-all this is an interesting and 
useful device that works exactly as 
claimed. The Calc-U-Dial is covered by a 
90-day warranty and has a suggested retail 
price of $49.95. R-E 

"Sure, they turned off the power. But by 
ignorning my electric bills, / accumulated 
enough to buy this unit!" 



NEW PRODUCTS 
For more details use the free 

information card inside the back cover 

SIGNAL GENERATOR, model1260 features 
gen lock; RGB outputs ; blackburst ; gated or 
full-field multiburst; a full assortment of con
vergence patterns and raster colors ; NTSC 
color bars, IWQ and staircase; selectable in-

terlaced or progressive vertical scan, and 
auxiliary input and output signals. 

The model 1260 generates virtually every 

UNINTERRUPTIBLE POWER SYSTEM, the 
LINE-SAVER<1W, model LS-240, is a standby 
system for use in the home and small-busi
ness computer market. It is available for 
120/240 volt , 60/50Hz systems, and has 240-
VA, 150 watt capacity. The unit uses pulse
width modulation (PWM) technology to regu
late the AC output voltage for greater efficien
cy to various load conditions. The PWM-AC 
output will also increase battery efficiency to 
increase back-uptime: 5-10 minutes full load, 
20-25 minutes half load, 35-40 minutes Y3 
load. 

In addition there is an internal12-volt sea
led rechargeable battery, four voltage-swge 
protected and EMI/RFI filtered AC outlets, 
audible and visual power-failure warnings 
systems, test-mode indicator and switch , and 
replaceable external fuses. 

The unit comes complete with a 6-foot, de
tachable, 3-prong, heavy-duty cord-set with a 

CIRCLE 112 ON FREE INFORMATION CARD 

type of test signal and pattern needed for 
complete testing , servicing , and adjustment 
of all types of television and video equipment, 
including TV receivers, VTR's, VCR's, VDP's, 
CCTV, MATV, and CATV systems and com-

ponents. It is priced at $1695.00. -BK Preci
sion, 6460 West Cortland Street, Chicago, IL 
60635. 

CEE-22 connector. 
The suggested retail price of the model 

LS-240 is $395.00.-Kalglo Electronics 
Co., Inc., Dept. LS, 6584 Ruch Rd. , E. Allen 
Twp. , Bethlehem, PA 18017. 

ADDRESS TRACER, the Addtrace /, is a 
hardware address tracer to aid in trou
bleshooting machine-language programs. 
The operator can track program loops with 
the aid of the hexadecimal thumbwheel 
switches and LED's that indicate all coinci
dent address lines. 

CIRCLE .113 ON FREE INFORMATION CARD 

Intended mainly for applications involving 
single-board computers, Addtrace I is con
nected directly to the microprocessor IC via a 

continued on page 42 

AM RADIO 
6 TRANSISTOR 

#854/754 

A .. Fun to Build• super aenaHive ~translator AM radio. 
Exciting handa-on experience. Learn the how and why 
of a radio by building It youraelf. All part s necessary are 
included, so tune in and discover 

the fun of building yot,~ r ow~' 
F. e.a tures: .Low power consumptio.n. ~ 
low cost , easy step-by-step 
Instructions w1th each k1 t , ~ 
alignmen t p r ocedure and . ·.·· 
troubleshooting ins tructions ' .::.:'.:"::):.::::::.:::-:. 

~~~~a~~~d. c:~i~;t ~~=~att~~~ :·:>:::{::·:{:::::::: 
cabmet included. · 

NEW! 

FROG PHONE W/CB & CASE 
Th1s kit has over 76 electronic parts including: speaker, 
mic rophone. microswitch. 12 button keypad, two circuit 
boards. transformer. two LEO's eight transistors, one 
in tegrated circuit. twelve diodes. five electrolytic 
capacitors and sixteen resistors. Comes with step-by-step 

instruction and learn ing 
manuaL 
Learn about: 
• Large scale integ ratiOn 

pulse generator IC's 
• Mat rix keyboa rds and 

decoders 
• Dial tone generation 
• Busy tone generat1on 
• Ring pulse generation 
• How to repa1r 

electronic telephones 

OVER 50 KITS AVAILABLE 

KIT# 4 ~~! 
!KII Pocki!OIU 84? 12-YOI!ColofOrgiR tf" 
!KI2 ~1111.111 lnjtctor &« T 11 . Jammer L 
803SP~CCWirGun &46 12-.oltSlrobiSilck 
804 Melli OltiCior ~ Wllooplr Alarm 
OO'J t.agk Probe ~~ CtmbillltiOII locVAllrm CDII\rol 
!06 BurgllrAIIrm ~ EIIctr.ricTennl1 

008 Oldsioll Mattr 858 Oig itll Roultttt 
~ LEO Pendulum Mttr-me 860 ~24 Yolt lltgiiii1ICI Powlf Supply 
811 D011bll Dltision Mah r 861 BIQ Sound l'e!Ubll Organ 
812 Sir1n Dscilll1ot 862 Fuli·Wivtl MotorSpeld Control 
81 411Dbltllillklr 866 Diglta1Slci!Mtdline 
816 Milli .. lllll 868 0ifital DIU 
818 fll h Calltr 870 Ntrn Tater 
820 Sllimmet Liollts 876 &-digit DigitJI Clod 
1171 Cllrillllltl Trw ~7 S Dig1ta1 Bird 
822 DIIICIIIIIIIIIttltfDrgtll 880 12·WII1.l·lft19RiplaiiCIP-r~ppty 
824 All10mllk Sir.11 882 M111i;el Hor~ 
826 Fu.11 Bo1 884 SOIIIICIActiwiiiCIColorDr;tll. 1--dlattMI 
828 t-Yoll Ptwtr Suppty 866 Alldio Amp/lnltROm 
&10 Muhi11Ufiii'M ,_Supply 888 Ubmian Tetmlfltor 
834 CNDrGifl:kttatlllll . 1-c:oft1rel 890 Stop.actio11Timillllln t.,-
836 klllnnel . 4-antrol Cttor Orpn 89? T....,_. Ho14 Bun011 
840 Ytrilblt SITOOII..iolll 894 f>hh• Gun/Sound GtMflllll" 

898 BilllryCIDdl 

FREE 
CATALOG OF ALL KITS 

Available nationwide at your local 
electronics store. 

(Or send $1 .00 shipping & handling 
to address below.) 

EKI ELECTRONIC KITS 
INTERNATIONAL, INC. 

791 RED ROCK ROAD 
ST. GEORGE, UTAH 84770 

Call TOLL FREE 
1-800-453-1708 

For store nearest you. 

Special Prices for Educators 
CIRCLE 58 ON FREE INFORMATION CARD 37 
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Professional Books That Help You Get Ahead-And Stay Ahead!· 

Join the Electronics and Control Engineers' 
Book Club® and ... 

TH'E MCCiRAW-H.ILL COMPUTER 
HANDBOOK: Applications, Con
cepts, Hardware. Software. Ed
ited by H. Helms. 992 pp., 475 ilfus. 
Everything you need to know about to
day's computer science and engineer
ing is here in this massive treasure trove 
of information. Covers everything from 
Boolean algebra to hardware selection 
techniques to artificial intelligence. A 
handy reference work that brings you 
right up to the minute' 
2791721 - Pub. Pr., $79.50 Club Pr., $49.95 

INTUITIVE IC ELECTRONICS: A 
sophisticated Primer for En
gineers and Technicians. By 
T. M. Frederiksen. 208 pp., i/lus . 
Covering both the simplest and the 
most complicated IC designs, this 
lively, easy-to-read volume provides 
a sophisticated, nonmathematical 
explanation of the basic internal 
mechanisms common to all semi
conductor devices. 
2191230 Pub. Pr., $24.95 Club Pr., $18.95 

ANTENNA ENCiiNEERINCi HAND· 
BOOK, 2/e. Edited by R. C. Johnson 
and H. Jasik, with contributions by 57 
recognized authorities. 1,408 pp., 946 
ilfus. This widely acclaimed Handbook 
gives you the guidance you need to solve 
problems in antenna design and appli
cation. It provides detailed information 
on physical fundamentals, patterns, 
structures, and design techniques for 
practical modern antennas. 
322/910 Pub. Pr., $95.00 Club Pr., $62.50 

RADIO HANDBOOK, 22/e. By W. Orr. 
1,136 pp., more than 1,300iflus. 
Here's the latest edition of what IS Uni
versally regarded as the most useful ref
erence in the industry. It's a "course" 
in communications, a fact-packed ref
erence, and a how-to guide-all in a 
single book! 
582442-6 Pub. Pr., $39.95 Club Pr., $33.95 

MICROPROCESSOR APPLICATIONS 
HANDBOOK. Editor-in Chief, D. F. 
Stout. 472 pp., 284 illvs. At last-a 
reference guide to microprocessor 
applications to help you make your 
systems timely, versatile, and 
cost-effective. 
6171988 Pub. Pr., $39.95 Club Pr., $31.45 

MICROPROCESSOR AND MICRO
COMPUTER DATA DICiEST. By W. H. 
Buchsbaum and G. Weissenberg. 336 
pp., 93 block diagrams, 106 pin con
figurations . . If you work with electronic 
devices that use microprocessor or mi
crocomputer integrated circuits, this 
much-needed book contains all the de
tailed technical data for every micro
processor IC that is currently listed as 
a "standard," off-the-shelf item. 
582835-9 Pub. Pr., $29.95 Club Pr., $22.50 

VLSI SYSTEM DESICiN: When and 
How to Design very-Large-scale 
Integrated Circuits. By S. Muroga. 
496 pp., ilfus., includes self-test prob
lems. This book provides a straight-for
ward explanation of how to design the 
integrated circuit chips that are causing 
this electronics revolution. It focuses 
on every significant aspect of LSINLSI 
system design. 
582823-5 Pub. Pr., $34.95 Club Pr., $26.50 

• Keep up with current technology 
• ·sharpen your professional skills 
• Be ready for new career opportunities 
• Boost your earning power 

Spectacular values up to $95.00 
HANDBOOK OF PRACTICAL ELEC
TRICAL DESICiN. By J. F. McPartland. 
416 pp. , 300 ilfus. This volume pro
vides a step-by-step explanation of de
signing electrical systems for indus
trial, commercial, and residential 
applications. Packed with helpful tips 
for saving time and complying with code 
requirements from branch circuits to 
wiring size. 
456195X Pub. Pr., $39.50 Club Pr., $27.50 

DICiiTAL LOCiiC DESICiN. By B. Holds
worth. 338 pp., 192 ilfus. All of the 
recent advances in digital design tech
niques are presented here in depth. It's 
both a text covering basic concepts and 
a practical guide to design techniques 
for combinational, clock-driven, and 
event-driven circuits. 
582852-9 Pub. Pr., $39.95 Club Pr., $27.50 

ELECTRONIC COMMUNICATIONS 
SYSTEMS. By W. D. Stanley. 566 pp:, 
ilfus. Emphasizing the signal-process
ing functions of modulation and de
modulation operation, this book pre
sents the essentials of electronic 
communications in a logical, step-by
step sequence. 
582834:0 Pub. Pr., $25.95 Club Pr., $20.95 

MODERN ELECTRONIC CIRCUITS 
REFERENCE MANUAL. By J. Markus. 
1,264 pp., 3,666 circuit diagrams. 
Complete with values of components and 
suggestions for revisions-plus the 
original source of each circuit in case 
you want additional performance or 
construction details. 
4041461 Pub. Pr., $74.95 Club Pr., $57.95 

ELECTRONICS ENGINEERS' HAND
BOOK, 2/e. Edited by D. G. Fink & D. 
Christiansen. 2,272 pp., 2,189 if/us. 
This updated and enlarged edition cov
ers all the latest knowledge in the field, 
including new advances in integrated 
circuits, pulsed and logic circuits, laser 
technology, telecommunications, and 
much more. . 
2091812 Pub. Pr., $79.90 Club Pr., $57.50 

DICiiTAL CIRCUITS AND MICRO
PROCESSORS. By H. Taub. 608pp., 
heavily if/us. This fast-paced, care
fully written guide gives you thor
ough explanations of all the basic 
principles of digital systems and 
logic design- plus a solid introduc
tion to microprocessors and micro
processor-based designs. 
629/455 Pub. Pr., $34.95 Club Pr., $26.50 

INTECiRATED CIRCUITS APPLICA· 
TIONS HANDBOOK. By A. H. Seid
man. 673 pp., il/us. This Handbook 
presents information on everything from 
TTL, ECL, MOS, and CMOS logic fam
ilies to semiconductor and bubble 
memories. The emphasis is on appli
cations, with a minimum of theory. The 
math used is essentially limited to sim
ple arithmetic and elementary algebra. 
582860-X Pub. Pr., $39.95 Club Pr., $29.95 

INTRODUCTION TO RADAR SYS
TEMS, 2/e. By M. I. Skolnik. 698 
pp., 244 illus. This new edition -of a 
widely used text on radar from the 
systems engineer's point of view 
brings you .full discussions of the 
many major changes that have oc
curred in the field recently. 
5791091 Pub. Pr., $40.95 Club Pr., $31.00 

CIRCUITS AND SOFTWARE FOR 
ELECTRONICS ENCiiNEERS. By H. 
Bierman. 352 pp., 200 ilfus., outsized 
8'12 x 11 format. This collection of over 
340 proven-reliable oircuits, com
puter programs, test methods, and de
sign tools have been selected because 
of the ingenious ways they adapt de
vices to other uses. 
0521433 Pub. Pr., $35.00 Club Pr., $27.95 

HANDBOOK OF ELECTRIC POWER 
CALCULATIONS. Edited by A. Seid
man, H. Mahrous and T. G. Hicks. 448 
pp., 300 ilfus. Here are 285 tested and 
proven procedures for handling the 
electric power problems most fre
quently encountered in actual practice. 
You'll find ingenious, time-saving ways 
to calculate fuel costs, motor .effi
ciency, and power output. 
560/617 Pub. Pr., $39.50 Club Pr., $29.95 

STANDARD HANDBOOK FOR 
ELECTRICAL ENCiiNEERS, 11/e. By 
D. G. Fink and H. Beaty. 2,448pp., 
1,414 i/lus. Today's most widely 
used source of electrical engineer
ing information and data serves 
you as no other single work when 
you need detailed, timely, and reli
able facts . 
209174X Pub. Pr., $74.95 Club Pr., $53.95 



ELECTRONICS ENGINEERING FOR 
PROFESSIONAL ENGINEERS' EX
AMINATIONS. By C. R. Hafer. 336 
pp ., more than 200 illus. Actually 
two books in one-a quick prepara
tion manual to help you pass ypur 
P. E. exams on the f1rst try and a 
rich source of practical electronics 
engineering information and 
know-how. 
254/303 Pub. Pr., $29.95 Club Pr., $21.50 

PRACTICAL DIGITAL DESIGN US
ING ICS, 2/e. By J.D. Greenfield. 717 
pp., illus. This revised and expanded 
Second Edition of a popular guide shows 
how to get the most out of a wide range 
of popular integrated circuits. What's 
more, it contains the specialized know
how today 's designer needs to interface 
ICs with microprocessors. 
582853-7 Pub. Pr., $25.95 Club Pr., $19.95 

OPTICAL FIBER SYSTEMS: Tech
nology, Design, and Appllca
tlons.By C. K. Kao.197 pp., illus. 
From a basic explanation of optical 
fiber systems to the economic 
ramifications of their use, this vol 
ume provides ful.l coverage of a 
rapidly changing field . 
3321770 Pub. Pr., $29.50 Club Pr., $23.95 

McGRAW-HILL ENCYCLOPEDIA OF 
ELECTRONICS AND COMPUTERS. 
By S. P. Parker, Editor-in-Chief. 960 pp., 
1,266 illus., outsized Blf2 x 11 format. 
It's a single-volume library that covers 
the entire world of electronics from Edi
son's pioneering work in electricity right 
up to optical fiber communications, 
control systems, lasers, radar, TV re
ceivers, artificial intelligence, and 
computer storage technology. 
454/876 Pub. Pr., $59.50 Club Pr., $41.50 

DIGITAL CONTROL SYSTEM ANAL· 
YSIS AND DESIGN. By C. L. Phillips 
and H. T. Nagle, Jr., both Auburn Uni
versity. 556 pp., 316 illus, 7 ready-to
run computer programs. It analyzes and 
designs closed-loop systems to which 
digital computers have been added to 
modify system dynamics. The book de
velops a wide range of control-system 
techniques applicable to linear, time
invariant, discrete-time system models. 
582944-4 Pub. Pr., $39.95 Club Pr., $31.95 

HANDBOOK OF MICROCOMPU
TER-BASED INSTRUMENTATION 
AND CONTROLS. By J. D. Lenk. 307 
pp., 227 illus. Digital qr microcompu
ter-based mstrumentat1on and control 
systems can be very complicated-or 
relatively simple-depending on the 
application . In this book both systems 
are described and illustrated- and many 
examples of actual systems now in use 
in industry are included throughout. 
582866-9 Pub. Pr., $22.95 Club Pr., $18.95 

COMPUTER METHODS FOR CIR· 
CUlT ANALYSIS AND DESIGN. By J. 
Vlach and K. Singhal. 656 pp., 148 if· 
Ius. Computational methods have be
come an integral part of circuit analysis 
and design. And a solid understanding 
of the basics of computer-aided design 
is a must for engineers who want to 
achieve their career objectives. This self
teaching book provides that know-how 
in a logical, easy-to-follow presenta
tion. 
582855-3 Pub. Pr., $42.50 Club Pr., $33.95 

Be sure to 
consider these 
important 
titles as well! 
LARGE SCALE INTEGRATION: Oe
vlces, Circuits, and Systems. By M. 
J. Howes & D. V. Morgan 
582851·0 Pub. Pr., $35.95 Club Pr., $29.95 

MICROWAVE SEMICONDUCTOR 
ENGINEERING. By J. F. White. 
582553-8 Pub. Pr., $32.50 Club Pr., $25.95 

MICROPROCESSOR SUPPORT CHIPS: 
Theory, Design, and Applica-
tions. By T. J. Byers. · 
095/183 Pub. Pr .. $39.50 Club Pr .. $31.00 

ENGINEERING FORMULAS, 4/e. By 
K. Gieck. 
232/199 Pub. Pr., $16.95 Club Pr., $13.50 

ELECTRONICS CIRCUITS NOTE
BOOK. Edited by S. Weber. 
192/448 Pub. Pr., $35.50 Club Pr .. $27.50 

ANALYSIS AND DESIGN OF DIGITAL 
INTEGRATED CIRCUITS. By D. A. 
Hodges and H: G. Jackson. 
291/535 Pub. Pr., $31.00 Club Pr., $23.95 

HANDBOOK OF OPERATIONAL 
AMPLIFIER CIRCUIT DESIGN. By D. 
E. Stout & M. Kaufman. 
617/97X Pub. Pr., $39.5Q Club Pr., $29.00 

ENGINEERING MATHEMATICS 
HANDBOOK, 2/e. By J. J. Tuma. 
6541298 Pub. Pr., $34.50 Club Pr., $26.95 

PCM & DIGITAL TRANSMISSION 
SYSTEMS. By F. F. Dwen. 
479/542 Pub. Pr .. $34.95 Club Pr .. $25.95 

SIGNALS AND SYSTEMS. By A. Op· 
penheim, A. Willsky, and I. Young. 
582674· 7 Pub. Pr., $32.50 Club Pr., $25.95 

DIGITAL COMMUNICATIONS. By J. 
Proakis 
509/271 Pub. Pr., $37.50 Club Pr., $29.50 

MAIL THIS COUPON TODAY .------------------, 

Why YOU should join now! 
• BEST AND NEWEST BOOKS IN YOUR FIELD- Books are selected from a wide 
range of publishers by expert editors and consultants to give you continuing access 
to the best and latest books in your field. 
• BIG SAVINGS -Build your library and save money too! Savings ranging up to 
30% or more off publishers' list prices-usually 20% to 25%. 

BONUS BOOKS-You will immediately begin to participate in ou1· Bonus 
Book Plan that allows you savings up to 70% off the publishers' prices of 
many professional and general interest books! 

• CONVENIENCE -12-14 times a year (about once every 3-4 weeks) you receive 
the Club Bulletin FREE. It fully describes the Main Selection and Alternate Selec
tions. A dated Reply Card is included. If you want the Main Selection, you simply do 
nothing- it will be shipped automatically. If you want an Alternate Selection- or 
no book at all-you simply indicate it on the Reply Card and return it by the date 
specified. You will have at least 10 days to decide. If, because of late delivery of the 
Bulletin you receive a Main Selection you do not want, you may return it for credit 
at the Club's expense. 
As a Club member you agree only to the purchase of three books (including your 
first selection) during your first year of membership. Membership may be discon
tinued by either you or the Club at any time after you have purchased the first 
selection plus two additional books. 

Other McGraw-Hill Book Clubs: 
Architects' Book Club • Byte Book Club • Chemical Engineers' Book Club 
• Civil Engineers' Book Club • Mechanical Engineers' Book Club 
For more information, write to: 
McGraw-Hill Book Clubs, P.O. Box 582, Hightstown, New Jersey 08520 

I McGraw-Hill Book Clubs I 
I Electronics and Control Engineers' I 

Book Club® I 
P.O. Box 582, Hightstown, New Jersey 08520 

Please enroll me as a member and send me the two 
books il""!dicated, billing me for 1he $2.89 premium and 
my first selection at the discounted member 's price , 
plus local tax, shipping, and handling charges. I agree 
to purchase a minimum of two additional books dur
ing my first year of membership as outlined under the 
Club plan described in this ad. A shipping and han
dling charge is added 1o all shipments. 

Write Code No. of 
$2.89 selection here 

Write Code No. of 
first selection here 

Signature ------------ ----

Name ------------------

Address/Apt.# -------------

City ------------------

State ___________ zip - ''--------

This order subject to acceptance by McGraw-Hill. All 
prices subject to change without notice. Offer good 
only to new members. 
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NEW PRODUCTS 

continued from page 37 

40-pin DIP clip. A special plug-in module 
adapts the unit so that it is suitable for use 
with most microprocessors. 

There are seven output jacks on the front 
panel for monitoring pulse duration and tim
ing relationships with an oscilloscope. There 
are sixteen input lines and six user-definable 
control lines. 

Addtrace I is available in kit form for 
$199.95. (Factory-wired prices are available 
on request. )-BMH Company, Inc., 224 Vas-

The 
Professionals' 
Choice 

sar Street, Reno, NV 89502. 

CORDLESS STEREO HEADPHONE sys
tem works with any audio source: stereo sys
tems, TVs, and radios. It consists of a 
transmitter and stereo headphone receiver, or 
transmitter and stereo receiver for use with 
any headphones. 

The components use infrared light to trans
mit audio information normally carried by 
wire. The transmitter, /RT-200, installs easily; 
hookup is by phone plug, and adapters are 
included. With both headphones and re
ceivers, the range is about 35 feet. The sys
tem can be used for either stereo or mono. 

The stereo headphones, model IRH-210 

PTS 
''pTS rebuilt tnodules 
are better than brand 

new .. • 
I use PTS modules and tuners because of the ir 
automatic updates. Compared to original 
manufacturers' new and rebuilt pans, PTS is 

better. Q uality and turnaround makes the 
d ifference. PTS does a better job of reb uilding 

'cause that's all they do." 

Try PTS rebuilt modules and tune rs for: 
· Fast 8 hour rebuilding service 

· Full year limited warranty 
· One stop shopping for all makes/ 

all models 
· Availability at over 1500 authorized 

CIRCLE 43 ON FREE INFORMATION CARD 

stocking d istributors 
· Quality reb uilts that 

meet or exceed orig
manufacturers' 

specs. 

CIRCLE 114 ON FREE INFORMATION CARD 

have full frequency response, 50-15,000 Hz. 
The infrared sensor is on top of the head
phones for optimum reception. Any number 
of headphones can be used with the IRT-200 
transmitter. 

The IRSR-220 infrared stereo receiver 
works with any stereo earphones. Two can 
listen at once with the unit, which can be 
placed up to 35 feet from the audio-source/ 
/RT-200 transmitter hookup. 

The system has a retail price of under 
$100.00.-Nady Systems, 1145 65th Street, 
Oakland, CA 94608. 

TWO-WAY FM RADIOS, the basic medium
power Midland SYN-TECH mobiles and base 
stations have had their transmit and receive 
bandwidths increased. 

The bandwidth of the 50-watt low-band 
(29-54 MHz) VHF models is being doubled 
from 1 MHz to 2 MHz. The 40-watt mid-band 
(66-88 MHz) models will have an increased 
bandwidth from 2 MHz standard to 8 MHz 

(transmit) and 3 MHz (receive). The 40-watt 
high-band VHF bandwidths wi ll increase from 
4.5 MHz to 7 MHz (transmit) and 6 MHz (re
ceive). The 30-watt UHF model's bandwidth 
increases from 10 MHz (transmit) 5 MHz (re
ceive) to 15 MHz (transmit), 8 MHz (receive). 
All other ratings of the new wider-bandwidth 
models remain at full published specifica
tions. 

lnexpensvie conversions kits are available 
for field installation on existing units. The total 
cost of the enhanced-bandwidth conversion 
kits, including installation, is expected to be 
under $20.00.- Midland LMR, 1690 N. Top
ping, Kansas City, MO 64120. R-E 



ENERGY MISER 

For Air Conditioners 
You can cut your air-conditioning bills-while still staying comfortable-

by using this device to control the cycling time of your central air-conditioning system. 

MANY PEOPLE DREAD THE SUMMER 

months. It's not because of the heat-it 's 
because of what happens to utility bills 
once the air conditioner starts running. 
But as we ' ll show you, you can keep your 
bills down while still staying cool. The 
only requirements are that you have cen
tral air conditioning and that the air con
ditioning uses 24~volt DC control 
circuits. 

When we say we feel hot or cold, we are 
really describing how comfortable we 
feel- not necessarily the air temperature. 
That's because the human body is a poor 
thermometer : Along with the tem 
perature, it responds to humidity, air 
movement, and fresh air. For example, 
we've all heard of the wind-chill factor (a 
formula which takes into account the 
effects of air movement on how cold we 
feel). And all of us have experienced being 
uncomfortably hot when it's 79°F, and 
muggy (humid) but quite comfortably 
cool when it's 78° and dry. (And we've all 
heard too many times- and we're bound 
to hear it many more times as the weather 

BILL OWEN 

heats up- the expression "It 's not the 
heat, it's the humidity.) 

Problems with a thermostat 
Air conditioning equipment is control

led by a thermostat which, unlike us, can 
respond on ly to changes in air tem
perature . If we attempt to economize by 
increasing the thermostat setting, we will 
save money. But we'll also reduce the 
amount of time that the compressor runs, 
increase humidity, reduce air movement, 
and allow room air to grow stale. The 
device that we'll describe uses the proven 
principal of time cycling to keep a com
fortable effective air temperature while 
reducing the actual air-conditioner operat
ing time . It cycles the air conditioner 
more frequently to reduce humidity, in
crease air movement and remove stale air. 
Comfort is maintained with reduced com
pressor operating-time, resulting in sig
nificant savings . 

Another problem with a thermostat is 
that it can respond only to changes in 
temperature near its location . Because of 

that , it often cannot provide fine control
it permits the room temperature to vary 
from uncomfortably cold to uncomforta
bly hot with no in-between . However, 
with the flexible COOLING CYCLE control 
of the device that we'll build , the exact 
amount of cooling can be easily pro
grammed. 

The device that we'll build is effective 
(and most efficient) when used in con
junction with a ceiling fan . When used 
that way, you can program the air con
ditioner to run for minimum-length cycles 
(to introduce dry, fresh air as needed) but 
you can still stay comfortable because of 
the increased air movement that the ceil
ing fan provides . 

Another application for the device is in 
humid areas where it is necessary to run 
air conditioning when you are away from 
home to prevent mildew and damage to 
furniture, carpets, drapes and artwork . 
The extended-cycle feature is ideal for 
unoccupied homes or buildings. In that 
setting, the "energy mizer" will cycle the 
air conditioner on for 5 minutes , followed 
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by a 30-miriute off period. Valuable fur
nishings and possessions will be protected 
because the air conditioner will run at 
regular, predictable, and economical in
tervals. where as a thermostat may or may 
not operate depending upon temperature 
variations. 

A feature normally found only in ex
pensive energy management systems is 
the fan run-on timer. Normally, when the 
air conditioner's compressor shuts down, 
the fan motor stops as well. That leaves 
cool air trapped in the duct work and cold 
compressor-coils. However, the fan run
on timer of the device that we 'II build lets 
the fan run for 90 seconds after the com
pressor stops-allowing the fan to pull 
cool air into the living space. That feature 
alone can help you realize significant en
ergy savings, and thus saving you enough 
money so that you can recoup your invest
ment in a very short time . 

A look at the circuit 
Figure I is the schematic of the cycling

time control circuit. Three monostable 
timers (ICI. IC2, and IC3) correspond to 
the three timed incervals. The first timer, 
ICl. controls the fan-on time-the 
amount of time that the fan runs on after 

Cl 
10/25V 
TANTALUM 

RlO 
4.7K 

the compressor shuts off. The second 
timer. IC2 , controls the compressor-on 
time and the third timer, IC3, controls the 
compressor-off time. Let's take a look at 
how it works. 

When power is initially applied, the 
R4-Cl time constant keeps the trigger in
put (pin 2) of IC2 (which controls the 
compressor-on time) low enough to en
sure triggering. The output from IC2 
switches high for a period of time deter
mined by the parallel combination of ca
pacitors C4 and C5 and series resistors Rl 
and R 7. Depending upon the position of 
Control Rl (the COOLING-CYCLE control), 
the compressor-on time will be between 5 
minutes and 20 minutes. 

At the end of the on cycle, IC2 pin 3 
switches low, triggering ICI (pin 2) 
through capacitor C9. Pin 3 of ICl switch
es high for 90 seconds (as determined by 
Cll and Rl3). At the end of the 90-second 
fan-on period, ICI pin 3 switches low, 
triggering IC3. The output of IC3 (which 
controls the compressor-off time) will go 
high for a time interval that is selected by 
S l. In the CYCLE I position , that com
pressor-off interval is 15 minutes , as deter
mined by C6 and R6. In the CYCLE 2 
position, the compressor-off interval is 30 

R4 
27K 

R2 
271<. 

minutes, as determined by C6 and the 
series combination of R3 and R6. 

During the compressor-on interval, IC2 
pin 3 is high, which turns on transistor 
Ql, energizing relay RYI and the associ
ated LED indicator. Relay RYI completes 
the 24-volt control circuit for the com
pressor-motor contactor. Similarly, dur
ing the fan-on interval, relay RY2 and its 
LED indicator are energized through tran
sistor Q2. During the compressor-off in
terval, IC2 pin 3 is in its low state, and 
LED!, the coMPREssoR-OFF LED, is 
lighted . 

The three timers continue in sequence 
(compressor on, fan on, compressor off) 
until power is interrupted. When power is 
reapplied, the compressor-on timer will 
begin the sequence. · 

We don't have to build a power supply 
for our cycling controller-it obtains its 
power from the control-voltage trans
former inside the air conditioner. One side 
of that 24-volt AC secondary is brought 
out directly to the thermostat and is (usu
ally) labeled R. (See Table I for some 
common thermostat markings .) The other 
side of the secondary is available indi
rectly through the heater contactor-coil 
(labeled W). 

Sl~ _jCYCLE 2 
0--

0CYCLE 1 
ORM -

C12 
" 470/6.3 

+ 

L_ _______ ~================~~,l2 3 r4------- --- -J 

~ 
TO THE THERMOSTAT 

. 
FIG. 1- THREE TIMERS ARE USED to provide compressor-on, compressor-off, and fan-on intervals. 
Two of the timers are 7555 types because of the long time constants required. Note that the capacitors 
marked with an asterisk (• ) are low-leakage electrolytics. 



TABLE 1-HOOKUP 

Cable/Color 
1/Red 
2/White 
3/Green 
4/Yellow 

R5 
4 
G 
Y6 

Possible thermostat-terminal markings 
R RH 4 
w w w 
G G G 
y y y 

M 
H 
F 
c 

~-'~I•E-----:-------3 INCHES-----------;11-1 

FIG. 2-FOIL PATTERN for a single-sided board is shown full size. 

~ 
TO THERMOSTAT 

FIG. 3-PARTS-PLACEMENT diagram. The three LED's (marked by •) are mounted on the foil side of 
the board, as is R1, the coouNG·CYCLE control. 

Since the "energy miser" will not be 
used during reverse-cycle or heat-cycle 
operation of the air conditioner, we can 
use a small amount of current (about 50 
rnA) through the heater contactor (relay) 
coil. (If more current were drawn through 
the heater contactor- coil, it might ener
gize the contactor.) Of course, you can 
use a small transformer instead. Diodes 

Dl through D4 form a full-wave bridge 
rectifier. The " R" line from the ther
mostat is connected to the pole of S l-a 
(through line l) and. is applied to one 
bridge input through the switch . The 
"W" thermostat line is connected to the 
other bridge input through line 2. The DC 
output-voltage is filtered by Cl3 and regu
lated to five volts by IC4. 

PARTS LIST 

All resistors %-watt, 5% unless other· 
wise noted. ' 

R1-1 megohm, potentiometer 
R2,R4,R5,R16-27,000 ohms 
R3,R6,R13-8.2 megohms 
R7-220,000 ohms 
R8,R1Q-4700 ohms 
R9-680 ohnis 
R11,R14-3900 ohms 
R12,R15-1000 ohms 
Capacitors 
C1,C11-10 IJ.F, 25 volts, tantalum 
C2,C7,C1Q-.05 IJ.F, ceramic disc 
C3,C8,C9-.001 IJ.F, ceramic disc 
C4,C5,C12-470 IJ.F, 6.3 volts, low-leak-

age electrolytic 
" C6-100 IJ.F, 10 volts, low-leakage elec-

trolytic 
C13-220 IJ.F, 25 volts, electrolytic 
Semiconductors 
IC1-555 timer 
IC2,1C3-7555 timer (CMOS version of 

555) 
IC4-7805 5-volt regulator 
01-04-1 N4002 
D5-1N914 or 1N4148 
Q1,Q2-PN2222 
RY1,RY2-reed-type relay 
81-PC-mount, 3P3T 
LED1-LED3-miniature red LED's 
Miscellaneous-PC board, cabinet, 

knobs, machine screws, hookup wire, 
IC sockets, etc. 

The following is available from NRG 
Electronics, P.O. Box 24138, Ft. Lauder· 
dale, FL 33307; drilled and etched PC 
board, $9.95; complete kit, $29.95; 
wired and tested unit, $49.95. Include 
$1.50 to cover postage and handling 
and $2.00 for C.O.D. orders. 

Assembly 

You can easily build this energy-saving 
device by using a printed circuit board. A 
PC board isn ' t essential-point-to-point 
wiring can be used- but a board is recom
mended, if only for its neatness and ease 
of troubleshooting . A suitable foil pattern 
is shown in Fig. 2. To assemble the proj
ect, simply follow the parts-placement di
agram of Fig. 3 . However, if you plan to 
mount the board in a cabinet (and that 's 
surely rec.ommended), you should prepare 
the cabinet before you start soldering . 
You'll want to mark the locations of Rl , 
Sl, and the three LED's on the front pan
el. Then drill the front panel at those 
points to fit your components. 

Make sure to use good quality rosin
core solder and a fine-tipped pencil-type 
soldering iron. Place and solder the re
sistors and diodes first followed by the IC 
sockets , capacitors and transistors . Be 
sure to observe polarity with the dipped 
tantalum and electrolytic capacitors, the 
transistors , and the diodes . Place and sol
der potentiometer Rl on the foil side of the 
PC board . Mount switch Sl on the com
ponent side of the PC board and solder. 
(Figure 4 shows the component side of the 
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FIG. 4-COMPONENT SIDE. Although the unit is small (about 3 x 4 inches), the components aren't 
densly packed. 

FIG. 5- USING A PLASTIC case for the project allows you to simply use double stick foam tape to 
mount it to the wall. · 

completely assembled PC board.) Next 
install the three LED's on the foil side of 
the PC board. Note that the LED's must 
be polarized correctly. Temporarily fit the 
PC assembly into the cabinet top and push 
the LED's into the holes in the cabinet. 
Clinch the LED leads and carefully re
move the PC assembly from the cabinet 
and- without chang ing their adj ust
ment-solder the LED leads to the foil. 
Relays can now be placed at RYl and RY2 
and soldered. 

Use excess component leads as wire 
jumpers and so lder at the locations 
marked "J" on the parts-placement di
agram. Finally, install the four wires that 

you' ll use to hook up the device to your 
thermostat. The leads should be color
coded: The leads marked I , 2, 3, and 4 on 
the schematic and parts-placement di
agram should be red, white, green, and 
yellow respectively. 

Before installing the unit , it 's a good 
idea to check its operation. Let's now see 
how to go about doing that: 

With controls Rl and Sl set at MIN and 
NORMAL, connect the red and white wires 
to an 18-24 volt AC or DC source. (If none 
is available, two 9-volt transistor radio 
batteries in series will suffice .) Switch to 
CYCLE I and note that the COMPRESSOR

ON lamp will light. 

The proper LED-lighting sequence will 
Start with COMPRESSOR ON , which will 
stay lit for between 5 and twenty minutes 
(depending on the setting of the COOLING

CYCLE control) That will be followed by 
the lighting of the FAN-ON LED for 2 min
utes while at the same time " coMPRESSOR 

OFF" is lit for 15 minutes (in CYCLE I) or 
30 minutes (in CYCLE 2). After IC3 times 
out , the cycle will begin again when IC2 
is triggered again. Remember that those 
times are approximate and will vary from 
unit to unit. 

If that test shows that something is 
wrong, you can troubleshoot the unit by 
" manually triggering" it s operating 
modes. Remove the integrated circuits 
and , with power applied, make the follow
ing jumps using fine gauge wire in the IC 
sockets. Jumpering IC2 pin 3 to IC2 pin I, 
you can test the compressor-off operation 
and by jumpering IC2 pin 3 to IC2 pin 4, 
you can test compressor-on operation. To 
test fan-on operation , jumper ICI pin 3 to 
lCl pin 4 . 

Installation 
During installation , remove power to 

the air conditioner at the circuit-break
er panel. Install the device next to the 
thermostat. Double-stick foam tape will 
easily hold the unit on a wall as shown in 
Fig. 5. Remove the thermostat cover to 
expose the wire terminals on or behind the 
wall mounting plate . Cut the wires from 
the unit to a convenient length and make 
the connections to the thermostat indi
cated in Table I . (It may be necessary to 
trim some plastic from the thermostat 
cover or base to allow for wire passage. 
Switch the " energy mizer" to NORMAL 

and restore power to the air conditioner. 
Set the air conditioner to "cool," and the 
fan to " auto" and set the thermostat high 
enough so that it does not come on. Set 
the "energy mizer" to MIN and CYCLE I. 
When that's done, the air conditioner 
should come on and the COMPRESSOR-ON 

LED should light. 

Tips 
The thermostat acts as a high limit and 

will override the device if the room tem
perature rises above the set temperature. 
When using the heat cycle, switch the 
"energy mizer" to NORMAL. 

The C YCLE 2 mode provides an ex
tended-off period (about 30 minutes) that 
is useful for unattended dwellings for hu
midity control. If the unit is set to MIN and 
CYCLE 2, the air conditioner compressor 
will run for 5 minutes followed by a 30 
minute off period. 

The most economical operation is 
achieved by setting the fan on auto rather 
than continuously on. The fan-on timer 
will keep the fan running for about two 
minutes after the compressor stops to pur
ge cool air from the duct work and com
pressor coils. R-E 



Tune Up Your 

MDS 
Downconverter 

Tuning microwave 
downconverters can be a 

LEW G. SCHUWEILER 

real headache-but it doesn't 
have to be. We'lllook at a 
way to get around some of 
the problems normally 
associated with that task. 

THE POPULARITY OF MICROWAVE DOWN

converters for use in receiving Multipoint 
Distribution Service (MDS) signals has 
grown enormously over the past couple of 
years. Check the classified section of any 
electronics magazine and it's sure to have 
advertisements for downconverter parts 
and kits. As a result, there are a growing 
number of kits and home-brew converters 
in the hands · of electronics enthusiasts . 
The only problem is that once the kit is 
assembled, the builder is then faced with 
the awesome task of making sure that the 
circuit works properly. To understand the 
proper procedure for tuning and trou
bleshooting a receiver, it's best to review 
some background information about 
downconverter circuits first. 

The downconverter system 
The main function of a downconverter 

is to convert microwave signals down to a 
frequency that's low enough to be re
ceived by your television set. As shown in 
Fig. I, a typical downconverter consists of 
a microwave antenna, a mixer, a VCLO 
(Voltage-Controlled-Local-Oscillator), a 
variable power-supply, and an antenna 
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FIG. 1-BLOCK ·DIAGRAM of a microwave receiver system. The power supply and antenna switch are 
often enclosed in the same case. 

switch. The incoming signal is received 
by the microwave antenna and fed to a 
twin-diode mixer. Essentially, what the 
mixer does is to double the frequency of 
the VCLO, and then output the difference 
between that frequency and the received 
microwave signal to the IF (Intermediate 
Frequency) amplifier. That output is usu
ally equal to that of VHF Channel 3 
(61.25 MHz). The IF amplifier boosts the 
signal to a usable level and feeds it to an 
antenna switch that 's used to permit easy 
switching between the down converter and 
the VHF antenna. The VCLO frequency 
is controlled by a variable power-supply. 
Adjusting the power-supply voltage 
causes the VCLO frequency to change, 
which in tum causes the output (IF) fre
quency to change. That allows you to fine
tune the downconvener, which can drift 
somewhat due to temperature changes. 

Checking basic circuit operation 
After constructing the kit , follow the 

normal post-construction procedures, 
which includes making sure that all com
ponents are installed in the right position 
and properly soldered. When checking 
solder connec_tions, be sure that there are 
no solder bridges, particularly between 
the power and ground traces. In addition, 
the circuit-board layout is critical to the 
performance of the converter. Board con
ductors or strip lines behave as inductors 
and capacitors-altering their size with 
excess solder changes their values and 
affects circuit performance. 

Also , circuit components such as tran
sistors , diodes, and chip capacitors 
should be handled with care because 
they ' re very fragile . For example, tran
sistor leads can be easily broken off dur
ing handling, and chip capacitors can be 

damaged by excessive heat in soldering
so be careful. Once you are convinced 
that you have made no construction er
rors, use a volt/ohm meter (YOM) to 
check the basic DC operation of the cir
cuit. 

When checking the basic operation of 
the circuit: Make sure that the power sup
ply is operating properly by monitoring 
its output voltage and making sure that it 
swings several volts as the tuning knob is 
rotated back and forth . The next step is to 
connect the downconverter board to the 
power supply and place it in a position that 
allows you easy access to the circuit com
ponents . The position of the power-sup
ply's tuning knob isn ' t important now. 
Apply power to the system and measure 
the base-to-emitter (V BE) voltage of each 
transistor with the VOM-it should be 
about 0.6 volt. 

Figure 2 shows how to distinguish the 
transistor's collector from its base and 
emitter. For some transistors, the collec
tor is indicated by the dot directly in front 
of it-the base is the lead directly across 
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FIG. 2-ALMOST ALL RF transistors will Identi-
fy their leacls in one of these two ways. · 

from the collector, and the remaining two 
tabs are the emitter leads. Transistors with 
the prefix NEO are set up in much the 
same way, except that the base (instead of 
the collector) is designated by an angled 
lead. 

If V BE is zero or several volts, check the 
circuit again for bad solder connections, 
bridges, or missing components. If every
thing is soldered in properly but the volt
ages are incorrect, suspect a bad 
transistor. If everything thus far is work
ing properly, use the YOM to check the 
collector-to-emitter voltage (V cE) of the 
transistors . (Refer again to Fig. 2 if neces
sary.) The collector-to-emitter voltage 
should be several volts lower than the 
power-supply voltage. To make the com
parison between the two voltages, mea
sure the supply voltage at the point where 
it enters the converter board and then 
measure the base-to-emitter voltages · of 
each transistor. If the collector-to~emitter 
voltage of any transistor is the same as the 
power supply voltage, you could have an 
open collector in that transistor-there
fore, it should be replaced. On the other 
han!f, if V CE is zero, the collector of the 
transistor could either be shorted to 
ground at some point on the circuit board, 
or the transistor may be shorted internally 
and therefore should be replaced. If the 
voltages are correct, the transistors are 
operating with the proper DC bias and the 
circuit is now ready for tuning. 

Tuning the downconvert~r 
The normal tuning procedure is a hit

or-miss one, which involves a combina
tion of lengthening or shortening a tuning 
conductor on the downconverter board 
and adjusting the variable power-supply. 

Adjusting the power supply is no prob
lem; but after each change in the length of 
the tuning conductor, the downconverter/ 
anten.na assembly must be placed in an 
area where it can receive microwave sig
nals. That's necessary so that you can see 
whether the changes that you've made 
have done the trick. 

Doing so can be particularly frustrating 
if you have to hoist' the ~ssembly up a 30-
foot mast each time! Most people have 
line-of-sight view of the transmitter from 
their roof as they stand on it. Even with 
that ideal situation, a few problems can be 
encountered, such as having to run up and 
down a ladder each time you make a cor-
rection in the circuit. · 

To avoid that situation, you'll need a 
soldering iron on the roof and someone in 
the house watching the TV while you 
make the changes . Otherwise, you'll 
need the variable power-supply and a TV 
on the roof with you so that you can do it 
all yourself. Once the circuit is tuned, 
there's often trouble in positioning the an
tenna for maximum signal strength. 
Therefore, it's best not to even consider 
t)lat problem at this point. · 



TABLE 1 TABLE 2 

f'requency_:_MHz Use UHF Local 3rd harmonic UHF Local 3rd harmonic 
1690- 1700 Meteorological Channel oscillator, (MHz) (MHz) Channel oscillator (MHz) (MHz) 

satellites 14 517 1551 49 727 2181 
1691.0 GOES .satellite 15 523 1569 50 733 2199 
1694.5 METOSAT 16 529 1587 51 739 2217 

satellite 17 535 1605 52 745 2235 
1700 - 1710 Space research Hl 541 1623 53 751 2253 
17Hi- 1850 Government and 19 547 1641 54 757 2271 

armed forces 20 553 1659 55 763 2289 
1990-2110 Studio-to- 21 559 1677 56 769 2307 

transmitter links; 22 565 1695 57 775 2325 
intercity relay > 23 571 1713 58 781 2343 

2130- 2150 Point-to-point, 24 577 1731 59 787 2361 
fixed 25 583 1749 60 793 2379 

2150- 2180 Omnidirectional, 26 589 1767 61 799 2397 
fixed 27 595 1785 62 805 2415 

2150-2156 MDS channel 1 28 601 1803 63 811 2433 
2156- 2160 MDS channel 2A 29 607 1821 64 817 2451 
2156 - 2162 MDS channel 2 30 613 1839 65 823 2469 
2180- 2200 Point-to-point, 31 619 1857 66 829 2487 

fixed 32 625 1875 67 835 2505 
2200- .2290 Government and 33 631 Hi93 68 841 2523 

armed forces 34 637 1911 69 847 2541 
2205 NASA space 35 643 1929 70 853 2559 

shuttle video 36 q49 1947 71 859 2577 
2215 NASA space 37 655 1965 72 865 2595 

shuttle video 38 661 1983 73 871 2613 
2217.5 . NASA space 39 667 2001 74 877 2631 

shuttle audio 40 673 2019 75 883 2649 
2287.5 NASA place 41 679 2037 76 889 26tF 

shuttle audio 42 685 2055 77 895 2685 
2290-2300 Space research 43 691 2073 78 901 2703 
2300-2450 Amateur radio 44 697 2091 79 907 2721 

operation 45 703 2109 80 913 2739 
2304 Amateur OX 46 709 2127 81 919 2757 
2375 Amateur television 47 715 2145 82 925 2775 

2400-2450 Amateur FM 48 721 2163 83 931 2793 
repeaters . 

2450-2500 Radar 
Tuning the easy way 2500-2690 lnstructioQal TV, the MDS channels , whose operating fre-

2500- 2506 
fixed (ITFS) There is an easier way to tune your quencies (as shown in Table I) range be-
ITFS ch. A1 downconverter. You'll need the downcon- tween 2150 MHz and 2162 MHz . 

2506 - 2512 ITFS ch. 81 verter along with its power supply, and Selecting a midpoint frequency of 2156 
2512 - 2518 ITFS ch. A2 two television sets. One TV set, whiCh MHz will be accurate enough for the pur-
2518 - 2524 ITFS ch. 82 well call TV-I, will be used to view the poses of this tuning procedure. (The rea-
2524-2530 ITFS ch. A3 
2530-2536 ITFS ch. B3 microwave programming. The UHF tuner son for that will become more obvious in a 

2536-2542 ITFS ch. A4 of the other set (TV-2) will be used as ari moment.) 

25~2 - 2548 ITFS ch. 84 artificial microwave-signal source. It con- Now that you've chosen the microwave 
2548-2554 ITFS ch. C1 tains a local oscillator operating a the signal-source, refer to Table 2 to deter-
2554-2560 ITFS ch. 01 chosen UHF channel frequency, plus the mine the UHF channel that TV-2 is to be 
2560-2566 ITF$ ch. C2 TV IF (45.75 MHz). TV-2's local os- tuned to. In the above example, we chose 
2566-2572 ITFS ch. 02 cillator provides enough energy at its third 2156 MHz as our center frequency, so 
2572-2578 ITFS ch. C3 harmonic to serve as a microwave signal. we' II look for that frequency in Table 2 
2578 - 2584 ITFS ch. 03 (One of the $69 black-and-white sets will under the " 3rd harmonic" heading. As 
2584-2590 ITFS ch. C4 
25!'10- 2596 ITFS ch. 04 work great.) you can see , the closest that we can come 

~596- 2602 ITFS ch. E1 In building a downconverter kit, it is to that frequency is either 2145 MHz 
2602-2608 ITFS ch. F1 important to keep in mind the frequency at (Channel47) or 2163 MHz (Channel48). 
2608-2614 ITFS ch. E2 which the circuit will be operating. To do Let's use Channel48. Note: Although this 
2614-2620 ITFS ch. F2 so; you must first decide which type mi- tuning exercise attempts to tune in the de-
262b- 2626 ITFS ch. ES crowave transmission yo1,.1 wish to receive, sired frequency with the variable power-
2626-2632 ITFS ch. F3 such as one of the NASA space-shuttle supply tuned to its mid-voltage point, the 
2632-2638 ITFS ch. E4 frequencies or perhaps one of the MDS converter's actual low-to-high voltage tun-
2638 - 2644 ITFS ch. F4 channels. Table 1 is a listing of micro- ing range is extremely broad. Hence, the 
2644-2650 ITFS ch. G1 
2650-2656 Operational wave-frequency allocations that can be Charinel 48 local-oscillator frequency is 

service, fixed used for that purpose. Also, whether one accurate enough. Now let's tune the con-

2656-2662 ITFS ch. G2 of the MDS channels or some other pro- verter by performing the following steps: 
2662-2668 Operational gramming is desired, it will be necessary l. Connect the equipment as shown in 

service, fixed to decide which UHF channel will be used Fig. 3. As you can see, TV-1 is connected 
2668-2674 ITFS ch. G3 as a microwave-signal source-Table 2 is to the output of the converter, while TV-2 c.... 

c 
2674-2680 Operational provided for that purpose. Let's look at an is connected the antenna/downconverter !:< 

service, fixed example of what we mean. Suppose, for terminal of the power supply through the <0 
2680-2686 ITFS ch. G4 OJ 

instance, that you want to receive one of feedhom/downconverter assembly. +> 

49 



(/) 
() 

z 
0 a: 
t
() 
w 
....J 
w 
6 
Ci 
<t: 
a: 

50 

TV 1 

TV 2 

50% 

0. 100% 

OOWNCON RTER 
POWER SUPPLY 

FIG. 3-TEST SETUP for tuning the downconverter. Here the feedhorn assembly is placed close to 
TV-2 to pick up the artificial microwave signal. 

2. Apply power to all equipment. 
3. Turn TV-1 to the channel to which 

the downconverter is to be tuned (2-6). 
4. Turn the UHF tuner ofTV-2 to the 

channel chosen from Table 2 (in this case 
Channel 48). If that channel is an active 
channel in your area, be sure that there is 
no antenna connected to TV-2. 

5. Place the quarter-wavelength stub 
or board dipole (antenna) as close as pos
sible to the UHF tuner of TV-2 as shown. 
(It will probably not be necessary to dis
assemble the TV-a sufficiently strong 
signal will be radiated through the case .) 

6. Rotate the power-supply control 
slowly back and forth while watching 
TV-I. If tuning is possible within the set 
voltage range , the TV screen will: a) go 
nearly or completely blank-raster with 
little or no snow; b) show streaks of color; 
or c) flicker. The TV's sound will: a) near
ly or completely mute; b) buzz; or c) 
sound like a local radio-station or adja
cent television-channel. 

7. If tuning is not achieved, set the 
power supply to its mid-voltage range. 
Change the VHF tuner of TV-1 in either 
direction one channel at a time , while 
adjusting the power-supply voltage back 

·and forth slightly for each channel. If tun
ing is achieved , proceed to step 10--if 
not, refer to steps 8 and 9 . 

8. If tuning cannot be achieved, 
check the component values of all passive 
components to see if they are correct and 
also make sure that they are not damaged. 
Capacitors can easily be checked for 
shorts; however, it's a little more difficult 
to check for open capacitors. Using the 
highest resistance scale on your meter, 
carefully observe the meter for a slight 

deflection just as you touch the test probes 
to the capacitor leads. If there is no deflec
tion replace that component. 

9. The final items to be checked if 
tuning cannot be achieved are the diodes . 
To do so, first remove the diodes from the 
circuit board . Then using the lowest resis
tance-range on the YOM, connect each 
diode (one at a time) to your test probes 
facing in one direction-all anodes to ei
ther the black or red lead. Then reverse the 
leads and check them again. (The anode 
can be distinguished from the cathode by 
the stripe at the cathode end.) With the 
stripe facing in one direction , the diodes 
should have a low resistance and in the 
other a high resistance. Replace any de
fective component, then repeat steps 4 
through 8. 

10. Once tuning is achieved, set the 
power supply control to its mid-voltage 
range and again set TV-2 to the appropri
ate channel (48 in our example). Add sol
der to or remove trace material from the 
tuning conductor on the downconverter 
circuit board until the converter is tuned. 
(The tuning conductor is a short length of 
wire or slug on the converter board.) That 
gives you the greatest tuning range, so 
that if the oscillator drifts because of tem
perature changes you can fine-tune the 
converter. That concludes the tuning pro
cedure . 

Summary 
This article has described a simple tun

ing procedure for microwave downconver
ters . It c an be see n that serveral 
unnecessary headaches can be avoided by 
simply following good soldering and wir
ing practices beforehand. The job is much 

WHAT IS MDS? 

MDS, an acronym for Multipoint Distr
ibution Service, is a local microwave tele
vision service. MDS operators are 
authorized to use microwave frequencies 
for data communications or television pro
gramming within a community. 

There are two MDS channels-
215Q-2156 and 2165-2162 MHz. There is 
also provision for channel to transmit in
formation from an MDS subscriber's home 
to the operator, thus leaving open tne pos
sibility of an interactive service. 

The MDS signal is transmitted in the 
standard NTSC format but with some dif
ferences. The transmission passband is 
inverted, with the result being lower ves
tigial-sideband video with the audio car
rier being located 4.5 MHz below the 
video carrier, which in turn is located 1.25 
MHz below the top band-edge. That 
scheme is a mirror image of a standard TV 
broadcast. The audio and video thus must 
be inverted by the downconverter before 
being fed to a TV receiver. 

These days, the primary use for MDS is 
for distribution of pay-TV programming. 
MDS operates line-of-sight, with only pay
ing subscribers authorized to receive the 
transmissions. MDS subscription costs 
are generally lower than other over-the-air 
forms of pay-TV (i.e. UHF-TV) because 
the operator's outlay is generally lower. 
The reason for the lower cost is that an 
MDS transmitter outputs only a fraction of 
the power of a UHF pay-TV station-10 to 
100 watts as compared to hundreds of 
thousands of watts. 

Because of that, and other cost-related 
reasons, MDS has become extremely 
popular. MDS common-carriers lease 
their transmission facilities to pay-TV pro
grammers in most major markets around 
the country. Most MDS systems boast be
tween 10,000 and 30,000 subscribers, 
each paying between $15. and $25 a 
month for the service. 

The FCC does not consider MDS to be 
a broadcasting service. It instead consid
ers it to be a common carrier and thus the 
frequencies it uses are not public. Be
cause, in part, of that interpretation, MDS 
operators have successfully prosecuted 
manufacturers, sellers, and users of un
authorized reception equipment. 

easier if troubleshooting requirements are 
kept to a minimum. Also, an important 
point to note about the procedure is that it 
can be used for any microwave frequency 
you choose. In addition, an antenna rotor, 
such as that available from Radio Shack, 
mounted with your microwave antenna 
could be helpful in some cases. 

Depending on your location, it might 
be very interesting to experiment with 
your downconverter by tuning it to receive 
things like television studio-to-transmit
ter links , university instructional TV, or 
(of course) amateur broadcasts . In any 
event, it opens up several doors for the 
inventive microwave experimenter. R-E 



PC BOARDS 
Here are some techniques that can help you rescue that "ruined" board 

.ROBERT GROSSBLATT 

THOSE WHO MAKE THEIR OWN PRINTED

circuit boards know that it's a detailed and 
painstaking process . It's not hard-just 
detailed and painstaking. And, as every
one knows, the effects of Murphy's Law 
are directly proportional to the number of 
steps in the procedure. Fortunately, 
printed-circuit boards are one of the few 
electronics components that can be easily 
repaired. You can't repair the substrate in 
an IC and replacing the electrolyte in a 
capacitor is difficult-even if you use spe
cial tools. You can, however, easily cor
rect various PC-board foulups. 

If we approach the problem logically, 
it's immediately obvious that there are 
really only two things that can possibly 
wrong with a board: 

1. There's copper where there should 
not be. 

2. There's no copper where there 
should be. 

Basically, those problems are the result 
of either a bad etch or a bad layout. 

In the case of a bad etch, before any 
repair is attempted, you have to ask your
self if it is worth the trouble. A simple 
repair to a trace on the board is fairly easy 
to do, but trying to correct catastrophic 
problems is , quite frankly, more trouble 
than it's worth . There's no hard and fast 
rule to help you decide whether or not 
your board is beyond salvage. If you have 
vast areas of unetched copper (see Fig. 1) 
or your traces are hair-thin and grainy 
looking (see Fig. 2), the board should 
probably be considered a write-off. If, on 
the other hand , things aren't that bad and 
the board is complex and difficult to pro
duce, you're probably looking at a good 

. "" 
FIG. 1-AN UNDERETCHED BOARD that is 
beyond repair 

candidate for a repair. 

Removing excess copper 
Removing excess copper is a straight

forward operation. If there are a lot of 
small pieces of copper' left on the board 
between the traces you'll have to cut them 
out using an X-acto knife . Make sure the 
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blade is sharp, because the copper, even 
though soft, is still difficult to cut. If 
you've got a lot of copper to remove, 
make sure you have a good supply of 
blades on hand because the edge won't 
last too long. Remember that you'll be 
cutting through the copper and into the 
board material itself. Glass epoxy is hard 
stuff. If the board material is phenolic 
your blade will last a little longer but will 
still dull out pretty quickly. 

Cut through the unwanted copper 
bridge on both sides and carefully lift it up 
by working the tip of the blade under the 
comer of the copper at the cut as shown in 
Fig. 3. Once you lift the corner, you'll find 
that the copper will peel off the board 
easily. Make sure you get all the copper 
off the board-a small piece of loose cop
per can cause all sorts of terrible problems 
later on. Longer traces can be removed the 
same way-just cut them at the ends and 
peel them off the board. 

If you've got large areas of unwanted 
copper on your board, resist the tempta
tion to remove all of it. Not only do you 
run the risk of damaging the board, but 
unconnected copper can come in very 
handy for all those brilliant last-minute 
variations that you just have to add to the 
circuit. And, if all those reasons aren't 
enough, remember that it's always wiser 
to leave well enough alone. If the excess 
copper isn't hurting anything, isolate it 
from the rest of the layout and forget about 
it. Take your X-acto knife and cut away 
the traces that connect the unwanted plane 
of copper to the rest of the foil. Flick the 
bridges off the board and go on to more 
important things. 

If you feel that you absolutely have to 
get rid of large areas, there are two op
tions-grinding and etching. Large areas 
of copper that can be easily isolated on the 
board can be etched away. It's simply a 

beyond repair. 

~ cut it and lift a corner of the copper at the cut. 
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matter of covering the areas of the board 
you want to protect with waterproof tape, 
steel-wooling the areas you want to get rid 
of, and dumping the board back into the 
etchant. The only important thing to re
member here is to make sure that the tape 
you use is waterproof. If it's not, you can 
be sure that your etchant-and that holds 
true for all of them from ferric chloride to 
ammonium persulphate-will ooze its 
way through the tape with predictable re
sults. 

The best tape to use is that thin plastic 
packing tape-the kind that can be only 
cut with a knife. Don't use the tape that 
has the nylon cords running through it 
because. you can't completely smooth it 
out on the board. Lay the tape on the 
board, overlap it at the edges, and rub it to 
get rid of the air bubbles (see Fig. 4). Take 
your X-acto knife and cut away the tape 
wherever you want to remove the copper 
(see Fig. 5). You can also paint lacquer 
over the areas you want to protect-that 
works just as well but it takes a lot longer. 
If you're anything like the author, the nec
essity of having to go back and correct 
mistakes makes you frustrated and impa
tient. You want immediate results. The 
half hour or so that it takes for the lacquer 
to dry is just too long-if it only took five 
minutes it would still be too long. If you 
do go that route, however, make sure and 
use a lacquer with a color. Clear lacquer is 
nice but you can't always be sure which 
areas are covered-especially when the 
board is in the etchant. It is the understate
ment of all time to say that it's dishearten
ing to make a mistake correcting a 
mistake. 

The second way to get rid of copper is to 
grind it off. It's mentioned here only to 
give us the opportunity to tell you to avoid 
it completely. I know it's possible to put a 
grinding wheel on a small hand tool and 
pulverize veritable oceans of copper-not 
only is it fast but it's nice to let electricity 
do the work. However, avoid the tempta
tion to do that! Besides having the board 
look terrible when you finish (sometimes 
an important consideration), one slip and 
you'll grind right through the board itself 
(always an important consideration). 

Replacing copper 
Missing copper is a much easier prob

lem to handle. Once again you have to 
decide whether or not the repairs are 
worth the trouble. An etch that leaves you 
with just the ghostly remains of your foil 
pattern is beyond hope. The same goes for 
a board that is criss-crossed with cut 
traces and has doughnuts that are mea
surable only in angstroms. 

There's more at stake here than whether 
or not two points on the board are con
nected by copper. The thinner the trace 
gets, the less current it can handle. If 
you've got components on the board that 
use a lot of current, the thickness of the 

FIG. 4-TO REMOVE LARGE AREAS of un
wanted copper, first cover the board with water
proof tape. 

FIG. 5-0NCE THE BOARD is completely cov
ered, use an X-acto knife to remove the tape over 
the areas you want to re-etch. 

trace is one of the things you should have 
had in mind when you did the layout for 
the foil pattern. It's always a touchy thing 
to route relatively serious amounts of cur
rent through thin traces. Assuming the 
copper doesn't bum up (extreme case), 
it's at least going to get hot (usual case). 
And when heat rears its ugly head all 
kinds of nastiness can follow. The con
ductance of the copper can change and 
lead to some oscillation and/or other sim
ilar nightmares. Linear and TTL circuits 
draw relatively heavy amounts of current 
in spurts and those spikes are potential 
sources of trouble. Thin traces can lead to 
audio clipping, false triggering, and a 
whole host of other equally disturbing 
phenomena-all directly because of cur
rent starvation. 

When those things occur, the last thing 
you'll suspect is the traces on the board. 
Many a board has been ripped apart and 
many a component has been substituted 
for over aqd over before the real source of 
the problem was found. The moral here is 
that the problems that can come from thin 
traces often masquerade as faults in design 
-you can waste a lot of valuable bench 
time tracking down the real source of the 
trouble. 

Before ending this soliloquy on the 
evils of thin traces, there's one more thing 
you should be aware of. Thin traces can 
generate heat-and heat can weaken the 
bond between the copper and the board. 
And, as we said before, loose copper can 
do a lot of damage to costly components. 

Probably the easiest and most direct 
way to repair a damaged trace is to solder 
a piece of wire to the board. You just take 
a length of wire of the correct thickness 
and use it to jump the gap in the foil. There 
are, however, rules that should be fol
lowed: 



1. Never use uninsulated wire. 
2. Never tack solder directly to the foil. 
3. Never leave slack in the wire. 
Let's take these rules one at a time. 
Using tininsulated wire is just asking 

for trouble. If the foil density of your 
board is high, it will only take a small 
shift in the wire's position to short it to 
another trace. Hook-up wire and cut-off 
component legs are always lying around 

, your bench but try to avoid using them. It 
makes a lot more sense to keep a small 
spool of insulated wire handy just for 
making repairs to your board. Cut off the 
length you need and strip the insulation 
from the ends. If you're using multi
stranded wire, make sure you tin the ends 
before you solder it to the board. Loose 
strands of wire are as dangerous as loose 
bits of copper. 

That brings us to our second rule. If you 
tack solder directly to the foil, you'll be 
depending on the foil for strength. Just 
one inadvertent tug on the wire and-you 
guessed it- the foil is going to lift off the 
board as shown in Fig. 6 and cause what is 
referred to in the technical journals as a 
big problem. The strength in a printed
circuit board comes from the base mate
rial, not the foil. AI ways drill holes for the 
ends of the wire, regardless of whether 
your jumper is going to be on the foil or 
component side of the board. If you put 
the jumper on the component side treat it 
like any other component. Put the ends 
through the holes in the board and solder 
them to the foil. If you can't drill holes 
directly through the foil, (if the trace is too 
thin, for example), locate the holes right 
next to the trace and bend the ends of the 
wire over the foil. If your wire has to go on 
the foil side, drill the holes and let the 
ends of the wire poke through to the com
ponent side. The repair won't be as solid 
but it will still be better than just tack 
soldering. Bend the ends of the wire fiat 
against the component side of the board 
and put a blob of solder on them making 
sure that It is slightly larger tlian the hole 
(see Fig. 7). That jury-rigged strain relief 
may look strange but it only has to work 
once to prove its worth. 

The most carefully made repair is 
wasted if you don't pay attention to the 
third rule. Loose wire will always get 
snagged on something. If you're lucky, 
and you've led a good life, only the wire 
will pull loose. More likely, the foil will 
pull off the board and generate an unnec
essary number of gray hairs on your head. 
If your wire is running on the component 
side of the board that will be less of a 
problem, but it's still good practice to 
make the wire only long enough to span 
the distance between the two holes. Don't 
use the same "right angle" principle for 
the jumpers that you did when you orig
inally laid out the foil pattern. There's 
absolutely no way the wire repair is going 
to look as neat as an unbroken trace, so go 

REPAIRS by tack 
soldering wire, lifted foil is likely to be the result. 

using solder. 

FIG. 9---USING SELF-ADHESIVE copper foil to 
make a repair. 

directly from point A to point B. 
After you've made the repair, make 

things even better by securing the wire to 
the board. The best way to do this is with 
clear nail polish (see Fig. 8). All the glues 
we've tried-from two-part epoxy to the 
cyanoacrylate super glues-don't seem to 
adhere well to glass-epoxy board. It might 

be a different story with phenolic board, 
but we don't use it. The nail polish is 
strong enough to hold the wire securely to 
the board but can still be easily removed if 
you want to make a change later on. Just 
use a few drops at various points along the 
length of the wire to keep it from flopping 
around. Make sure you put some on the 
solder where the wire is connected to the 
foil. Since it's the weakest part of the 
repair, it needs the most help. 

There are several alternatives to wire 
when you have to add copper to the board. 
For one reason or another they ' re not as 
attractive a choice as wire. 

Some manufacturers make copper foil 
sheets with an adhesive back. You just cut 
out the shape you need with an X-acto 
knife, peel off the paper covering the ad
hesive on the back, and stick it on the 
board as shown in Fig 9. That stuff is 
really dynamite when you need large 
areas of copper added to the board but it's 
difficult to cut out a replacement for a 
convoluted trace, and more difficult yet if 
you have to cut out something that's only a 
sixteenth of an inch thick. Another disad
vantage of that method is that the foil 
doesn't adhere well to an uneven surface. 
If you do use that stuff to repair your 
board, don't rely on the adhesive-when 
your repair is finished, put a few drops of 
nail polish along its length to hold it to the 
board. That is really important if the cop
per is going to handle enough current to 
warm it up. If you've got a smooth sur
face, copper foil is a reasonable way to 
make a repair. If you have to add large 
planes of copper, it's the only way to make 
a repair. 

Silver paint is a super way to repair 
hairline breaks in traces (see Fig. 10). If 
there's room to maneuver on your board, 
you can also use it to draw in a missing 
trace. Using it is simplicity itself-you 
apply it with a thin brush and carefully 
draw in the traces that are missing or over 
the ones that are broken. If you happen to 
slop a bit onto a neighboring trace, it can 
easily be scraped off when the paint dries. 
You can repair traces as thin as your artis
tic ability permits. If your hand is steady 
enough to follow the serpentine meander
ings of a trace, silver paint is the method 
to use. When it dries it's almost as con
ductive as the copper it's replacing and 
you don't have to worry about it getting 
loose on the board. Now that we've told 
you why it's so wonderful, we'll tell you 
why it's not. 

To start off with, you can't solder to it 
and it can't handle as much current as the 
copper it's replacing. Remember that cop
per foil comes in different thick
nesses-the thicker the copper, the more 
current it can handle. Traces made from 
silver paint are thin-certainly much thin
ner than the copper. You could keep 
adding layers of silver paint, but that 

continued on page 81 
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DESIGNING 
WITH 
LINEAR IC'S 
This month, we look at the noninverting follower and some op
amp applications. 

JOSEPH J. CARR 

Part 3 SO FAR IN THIS SERIES 

we have mtroduced 
you to the basic op-amp, the inverting 
follower, and some of the more common 
problems associated with op-amp cir
cuits. This month, we will consider the 
noninverting fo llower and look at some 
applications for op-amps in AC circuits . 

Noninverting follower 
The inverting fo llower has one serious 

drawback-low input~impedance . Since 
the noninverting input is grounded, the 
summing junction (the junction of the 
feedback resistor, input resistor, and the 
op-amp inverting input) will also be at 
ground potential. The input impedance is 
therefore limited to the value of the input 
resistor. Since input bias currents effec
tively limit the maximum value of the 
resistor, they also limit the input imped
ance. The input impedance of an inverting 
fo llower rarely exceeds I megohm, with 
10 kilohms much more common. 

The solution is to turn to the noninvert
ing follower configuration. In that type of 
circuit, the signal is applied to the nonin
verting input, so the output will be in 
phase with the input. The extremely high 
input impedance of the op-amp (as high as 
JO I2 ohms) makes th'e impedance seen by 
the signal source equally high . 

A simple noninverting fo llower is 
shown in Fig. I. That circuit is called an 
unity-gain noninverting follower. The out
put signal is fed back directly to the invert
ing input. The voltage gain of the circuit, 
as its name implies, is unity. 

The properties of the unity-gain circuit 
are: extremely high input-impedance, low 
output-impedance,-and a voltage gain of 
one. Since the output impedance, Z0 , is 

FIG. 1-A SIMPLE unity-gain, noninverting fol
lower. 

low, and the output voltage is the same as 
the input voltage, the power gain is greater 
than one. 

The unity-gain noninverting fo llower 
has at least two main applications: buffer
ing and impedance transformation. A 
buffer is an amplifier whose job is to iso
late an electronic circuit from its load. An 
oscillator, for example, may use an output 
buffer to prevent frequency shifts caused 
by changing load impedances . Often, op
amp-based instruments will use a unity
gain buffer as a matter of good design, so 
that external factors will not affect the 
circuit as much. 

As for impedance transformation, 
since the input impedance is very high, 
and the output impedance is very low, the 
unity-gain noninverting follower is a high
to-low-impedance converter. 

A noninverting fo llower with gain is 
shown in Fig . 2. In that circuit, the signal 
is applied directly to the noninverting in
put of the op-amp. We must , therefore, 
treat the inverting input as if it were also at 
v, . 

The feedback network is the same as for 
the inverting fo llower (see part two of this 
series in the May 1984 issue of Radio-

A 

Rl ~\ ~ R2 

~-~ LiJ...........__t 

~ ~ 
FIG. 2-A NONINVERTING FOLLOWER with 
gain. If the desired amount of gain is known, the 
values of R1 and R2 can be found through using 
equation 7. 

C2 

Cl Rl R2 

FIG. 3-FOR AC APPLICATIONS, this noninvert
ing follower with gain circuit can be used. 

FIG. 4-THIS AC AMPLIFIER provides no fre
quency shaping, but it can be combined with the 
circuit that is shown in Fig. 3 if some shaping is 
desired. 

+V 

-V 

FIG. 5- WHEN AN OP-AMP must drive a load 
such as a loudspeaker, some means of boosting 
output power, such as using a complementary 
symmetry transistor amplifier, is required. 



Electronics), except that the "input" side 
of Rl is grounded. As before , Kirchoff's 
Current Law (KCL) requires that: 

11 = 12 

by ohms Law. 

and, 

12 = Vo - v, 
R2 

Substituting equation 2 into 3: 

~ = V0 - V1 

R1 R2 

Solving for V0 : 

(1) 

(2) 

(3) 

(4) 

V _ V 1 R2 V 
0- R1 + I (5) 

Equation 6 is the transfer function for 
the noninverting follower with gain, and 
should be committed to memory; the ac
tual gain portion of the equation is: 

(7) 

We can use equation 7 to set resistor val
ues . That's because that equation can be 
rewritten so that it can used to find the 
values of R2 and Rl required for a spec
ified gain. Since we can pretty much set 
the value of R 1 arbitrarily (although the 
value of that resistor is usually between 
100 ohms and 10 kilohms), we should 
solve for the value of R2: 

R2 = R1 (Av - 1) (8) 

One constraint that we should remem
ber is that non-standard value resistors are 
difficult to come by. We should not, for 
instance , count too much on obtaining a 
29002-ohm unit. The easiest way to pro
ceed, then, is by trial and error, reworking 
equation 8 several times, using standard 
values for Rl, until a standard-valued R2 
is also found. Sometimes, a given gain 
requirement will not result in a pair of 
standard values for the two resistors. In 
that case. a variable resistor, a parallel or 

series combination of standard-valued re
sistors that yields the calculated value , or 
the standard-valued resistor that comes 
closest to the calculated value , can be 
used. 

If the project has more than one stage, 
there is another alternative. The total gain 
is the product of the gains of the individu
al stages. That means we can work with 
all of the resistor values in all of the stages 
until we find a combination that gives us 
the proper total gain using only standard
valued resistors. There, of course, is no 
guarantee that such a combination exists, 
but it is likely that after a bit of searching 
one can be found. 

Like the unity-gain circuit, the nonin
verting follower with gain circuit will 
provide buffering and impedance trans
formation , but also (as its name implies), 
voltage gain. A noninverting follower 
with gain circuit, for use in AC applica
tions, is shown in Fig. 3. Note that while 
four capacitors are used there, one or 
more of them can , in some cases, be de
leted. 

Some low-frequency response shaping 
is performed by capacitors CI and C3, 
while high-frequency shaping is done by 
C2. In all cases, the - 3-dB breakpoint is 
given by equation 9 below (note that that 
equation is given here in its general form). 
and the response falls off at a rate of about 
- 6-dB-per octave. 

1 
f = 2rrRC (9) 

Another AC amplifier is shown in Fig. 
4. That circuit provides no frequency 
shaping , but it can be combined with the 
circuit of Fig. 3 if some is needed. The 
gain of this stage must account for the 
voltage transformation of Tl. The gain of 
the stage is then 

Av = ( =~ + 1 )( ~:) (10) 

where Np is the number of turns in the 
primary, N5 is the number of turns in the 
secondary. and all other terms are as de
tined before. 

Here, we can manipulate the trans
former 's turns ratio as well as the values of 
the resistors to get the gain we need . Be 
aware , however, that the turns ratio is mul
tiplicative, so gains get high in a hurry as 
the turns ratio gets higher. That situation 
can lead to saturation of the amplifier. If 
we have a gain of two in the op-amp, and a 

turns ratio of 10: I, then the overall gain is 
100. That is fine, provided that the input
signal amplitudes are small enough. Ap
plying a !-volt peak signal to the input will 
cause the amplifier to try outputting 100-
volts of signal, which is clearly impossi
ble on a ± 15-volt power supply. 

Power amplifiers 
Operational amplifiers do not usually 

produce much output power, usually less 
than 100 milliwatts. When it is necessary 
to drive a load such as a loudspeaker, then 
some means of boosting the output power 
must be found. 

One traditional solution is shown in 
Fig. 5. In that figure, we see a comple
mentary symmetry transistor amplifier 
being directly driven by an operational 
amplifier. That power amplifier operates 
in class B, which means that each transis
tor conducts over just one-half of the cy
cle . 

The complementary symmetry class-B 
amplifier works because of the relative 
natures of NPN and PNP transistors . An 
NPN transistor turns on harder as the base 
is made more positive than the emitter, 
while a PNP transistor turns on harder as 
the base is made more negative than the 
emitter. In other words, the NPN device 
turns on during the positive half-cycle 
while the PNP one turns on during the 
negative half-cycle. Thus the bases of the 
two devices must be connected in paral
lel. 

A major problem with the circuit 
shown in Fig. 5 is the need for external 
discrete components (i.e. the transistors), 
which take up space. In addition, the cir
cuit will not work well without other com
ponents to eliminate crossover distortion. 
Sometimes, the most practical solution is 
to use a specialiC power amplifier. Some 
of those are special audio devices, while 
others are merely power op-amps and may 
be used in a number of applications. 

There are a number of special power 
IC's on the market, so we will pick only 
one, National Semiconductor's LM379. 
That 14-pin device can output up to 6 
watts-per-channel. The LM379 contains 
two amplifiers, so it can be used in stereo 
designs. 

A block diagram of the LM379 is 
shown in Fig. 6. Note that that device has 
only one power terminal (V eel, so that it 
is not technically an op-amp. Nonethe
less, the device behaves like an op-amp 
and is as simple to use. 
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POWER GROUND 

Vee (BIAS) 
2 

POWER GROUND 

-----l 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

L- - - - -- - - - - _;~7~ 
FIG. 6-BLOCK DIAGRAM of the LM379. Note 
that the device has two amplifiers, so that it can 
be used in stereo designs. 

~~oKf 
TO PIN 9, ICl-b 

B.Q 

SPKR 

FIG. 7-A TYPICAL AUDIO AMPLIFIER based on 
the LM379. Note that, aside from the input resis
tors, only one stage of the two-stage circuit is 
shown. 

+V 

FIG. 8-A SIMPLIFIED SCHEMATIC DIAGRAM of 
a bridge audio-amplifier. 

Note also that the device has two 
ground terminals-a power ground and a 
signal ground. Separating those grounds 
inside of the package prevents ground
loop problems that sometimes occur in 
power amplifiers. The usual design-layout 
practice is to connect both of those pins 
together outside of the package at a single 
ground point. 

Figure 7 shows a typical audio-power 
amplifier based on the LM379. Note that 
while that circuit is normally a two-stage 
one, aside from the. input resistors only 
one stage is shown-for the sake of 
simplicity ; the other stage is identicaL 

The circuit in Fig . 7 is a noninverting 
follower. The feedback-voltage divider, 
R2/Rl, sets the gain. The voltage divider 
also contains a capacitor, C2, which 
means that that circuit is basically an AC 
one . 

The LM379 operates from a single DC 
power supply, so the output terminal will 
have a substantial DC offset. Capacitor 
C4 is used to block any DC, thus protect
ing the load (a loudspeaker). Note that C4 
is an electrolytic and that its polarity must 
be observed. 

The input resistors for both stages , R3 
and R4 , are connected to pin 14, which is 
the Yz Y cc terminal that serves as a DC 
reference point. 

The input signal is applied to the nonin
verting input of the LM379 through ca
pacitor Cl. That capacitor affects the 
upper e"nd of the frequency-response 
curve, which is calculated using equation 
9, substituting R3 for the resistance term. 

Bridge audio-amplifier 
Several years ago , a major auto man

ufacturer issued instructions to the car
radio repair trade to not ground one side 
of the loudspeakers in their product be
cause it might blow the audio-amplifier 
stage . The instructions came as a bit of a 
surprise to those who had been routinely 
grounding one side of an auto-radio 
speaker for forty years . 

The reason for the warning was the 
bridge audio-circuits used for the output
power amplifiers. Bridge audio-circuits 
preserve the advantages of a class-B am
plifier while eliminating the need for the 
troublesome output capacitor. That capac
itor is not only physically large , but can 
cause some phase distortion to be added 
to the output signaL 

Figure 8 shows a simplified schematic 
of a bridge audio-amplifier. Class-B 
bridge amplifiers such as the one shown 
are based on the so-called totem-pole cir
cuit. There are two such totem-pole cir
cuits in that figure-Ql!Q2 and Q3/Q4. 

Let's first consider the half-bridge case; 
that uses a normal totem-pole amplifier 
(here Ql/Q2). In a totem-pole amplifier, 
the two output transistors are connected in 
series across the power supply, and the 
load (the loudspeaker) is connected to the 

Cl Rl 
lOK 0.4711F l 

R2 ~-~~~R~3--~ 
lMEG lMEG 

FIG. 9-A PRACTICAL bridge audio-amplifier 
based on the LM379. 

junction between the two transistors and 
to ground . 

The major problem here is that the 
speaker connection point is at a DC poten
tial equal to one-half the DC supply. Such 
a potential would blow out the loud
speaker. To avoid that , circuit designers 
place a large electrolytic capacitor be
tween the junction and the speaker. 

We can eliminate the need for that ca
pacitor by using two totem-pole half 
bridges , as shown in Fig . 8, to form a 
bridge amplifier. The four arms of the 
bridge consist of transistors Ql-Q4 . The 
loudspeaker load is connected between 
the output points of the two totem-pole 
amplifiers . 

It is necessary to drive the two amplifier 
halves out of phase with each other. An 
inverter stage accomplishes the phase in
version in our example (note , however, 
that real bridge audio-amplifiers use a dif
ferent method). When the input signal is 
positive going , the voltage at point A will 
also be positive going . The voltage at 
point B , however, will be negative going. 

Under quiescent conditions (that is , 
with no input signal present), the voltage 
at both points A and B are at Yz Y cc, so that 
the differential voltage between the points 
is zero. That potential increases as the 
input-signal voltage increases. 

Figure 9 shows a practical bridge au
dio-amplifier circuit based on the LM379. 
The load (speaker) is connected across the 
outputs of the two stages . 

The input is applied to the noninverting 
input of ICl-a . From our discussion we 
know that ICl-b must be driven out-of
phase with ICl-a. Thus the noninverting 
input of ICl-b is grounded for AC signals 
through C3. The signal for the inverting 
input of ICl-b is passed through Cl and 
Rl, but can you spot the signal source? If 
you will recall, one of the properties of 
ideal op-amps is that their inputs stick 
together. Since the input signal is applied 
to the noninverting input, it will also ap
pear on the inverting input so it can be 
used to drive the other amplifier! 

In the next part of this series we will 
turn our attention to the DC differential 
amplifier. R-E 



Put your "lowly" Timex Sinclair 1000 or ZXB1 
computer to work by interfacing it to the real 
world. 

Inter:facing the ZXSI 
NEIL BUNGARD 

THE SINCLAIR ZXXI (OR TIMEX SINCLAIR 

1000) was the first computer to be sold for 
less than $100. It was quite a bargain at 
that price. Perhaps you're one of the many 
people who bought one so that you (or 
your kids) could learn something about 
computers. Or perhaps you've seen the 
computer on sale for a very attractive price 
and have only recently considered buying 
it just to see what it was like. 

If you did buy the machine when it first 
became available, you may have outgrown 
it by now. After all , it's not the most prac
tical computer available. Some of its 
problems- including its membrane key
board and wobbling 16K RAM exten
sion- can ma ke us ing the computer 
almost a chore . 

However, the ZX81 is unbeatable for the 
hobbyist who wants to experiment-as 
we will do-with computers, computer 
interfacing , and Z80 machine language. 
And now that the computer is no longer 
being produced , you can often find it sell
ing for as little as $30 (and maybe even 
less). 

Let us note that for the remainder of the 

article , we'll refer to the Timex-Sinclair 
1000 as the ZX8/, if for no other reason 
than because it's shorter. There is little 
difference between the two machines, 
save that the 1000 has 2K of built-in RAM 
as compared to the ZX8/'s IK. 

What we'll do 
In this article, we ' II show you how to 

interface the ZX8/ to a clock/calendar in
tegrated c ircuit , a temperature indicator, a 
light controller, and a heater controller. 
You might find use for such devices in 
photographic dark rooms, home weather 
stations, and home security systems. 

In addition to interfacing those special 
devices to the ZX81, hardware and soft
ware interfacing principles will be cov
ered in general. That means that you can 
make use of the inexpensive ZX81 for any 
particular monitor or control application 
that you have in mind- you won't be lim
ited to the specific applications that we'll 
discuss. It 's true that we won't end up 
with something as elegant as the home
control computer that was presented in 
Radio-Electronics in April thro ug h 
June. But we will have something to quiet 
the people who scoff at the ZX81 and call 
it a useless machine . 

Using a computer for monitoring and 
control has become much simpler than it 
once was because of the number of inter
esting microprocessor-compatible inte
grated-circuits now available . For exam
ple, we'l l be using OKI's MSM5832 
clock/calendar integrated-circuit (!C). 

Where to begin 
You will, of course , need a ZX81 com

puter and a TV. You should also have a 
standard cassette-tape player so that you 
can store your programs. You might also 
consider bui lding the 8K non-volatile 
RAM accessory that was described in the 
July and August 1983 issues of Radio
Electronics: It makes storing and using 
machine code much more convenient. 

On the back of the ZX81 is a card-edge 
with 44 "fingers . " That gives you access 
to (for all practical purposes) all of the 
pins of the Z80 microprocessor. Figure I 
shows the pinout of the card edge, while 
the signals and functions are listed in Tab
le I. Whenyou interface to the port, you 
are essentially interfacing directly to the 
Z80 CPU. To get the most out of the 
project , you might consider obtaining a 
Z80 technical manual and other reference 
material relating to the Z80. 
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COMPONENT 07 
SIDE RAMCS 

o; 
01 
02 
06 
05 
03 
04 
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HALT 
MREO 
I ORO 

RD 
WR 

BUSAK 
WAIT 

BUSRO 
RESET 

Ml 
RFSH 
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KEYWAY 

}GROUND 

CLOCK¢ 
A~ 
Al 
A2 
A3 
A15 
A14 
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A12 
All 

AlB 
AS 
AS 
A7 
AS 
A5 
Al 
RDMCS 

sequently doing any type of memory
mapped input/output (l/0) is practically 
impossible. That leaves you with only the 
Z80's IN and OUT instructions for getting 
peripheral data in and out of the micro
computer. Unfortunately, the ZX81 does 
not include IN and ouT commands with its 
BASIC language instructions. That 
means that all l/0 will have to be accom
plished from machine-language sub
routines that will be incorporated within 
the BASIC program you write. For
tunately the ZX8J's BASIC language does 
supply you that capability with the 
"USR" command. 

FIG. 1-THE CARD-EDGE PINOUT of the ZXB1's 

When using the IN and ouT instructions 
with the ZX81, some strange things occur 
in two specific situations: I) if you use the 
ouT machine language instruction with an 
odd device code (in other words, if 
AO = I), the ZX81 monitor system will 
crash. 2) Any input using the IN machine 
language instruction and an even device 
code ignores the top two data bits (06 and 
07). As long as those characteristics (that 

expansion port. 

TABLE 1-TiMEX/SINCLAIR EXPANSION PORT 
Description 

Address bus 
Data bus 

System control 

System clock 

CPU control 

Bus control 

RAM/ROM select 

Power 

Signal 
A0- A15 
00-07 
MREQ 
IORQ 
RD 
WR 
Mt 

RFSH 
L-= 
RESET 
INT 
NMI 
WAIT 
HALT 
BUSRQ 
BUSAK 
RAMCS 
ROMCS 
+ 9V 
+SV 
GROUND 

Interfacing principles 

Function 
Outputs memory-and 1/0 device addresses 
Transmits bidirectional data into/out of CPU 
Identifies any memory-access in progress 
Identifies any 1/0 operation in progress 
Indicates that the CPU wants to read data 
Indicates that the CPU wants to output (write) data 
Identifies the op-code fetch cycle of instruction 
Also used withiORQ to acknowledge interrupt 
Synchronizes dynamic-memory refresh 
3.25 MHz clock (output) 
Resets CPU when pulled low 
Interrupt request input 
Interrupt request input; cannot be disabled 
Initiates wait state in machine cycle 
Indicates CPU has executed a HALT instruction 
Request to CPU for control 
Acknowledgement of release of control by CPU 
If pulled high will disable computer's on board RAM 
If pulled high will disable computer's ROM 
Unregulated 
Regulated 

The procedures for interfacing to a mi
crocomputer are relatively straightfor
ward. Once you learn the techniques, 
you' II be able to apply what you learn here 
to other computers . However, the ZX81 
has some unique idiosyncrasies that can 
give you a real headache unless you are 
forewarned . We will list those idio
syncrasies now for those that have done 
some microprocessor interfacing. If you 
don ' t understand them now, don't wor
ry-we' ll explain later them in more de
tail when we review general interfacing 
principles. 

are unique to the ZX81) are known, they 
can be circumvented. They will not be a 
problem for our applications. If one is not 
aware of those characteristics, however, 
they can be maddening and take weeks to 
figure out. 

Interfacing basics 
Interfacing to a microcomputer can be 

analogous to tossing a baseball. If you try 
to catch the ball before it is within your 
reach- or after it has gone past- you will 
miss it. Data moving in and out of the 
microprocessor works much the same 
way. When the microprocessor wishes to 
input or output data, it always does three 
operations: 

The first thing that ml)kes interfacing 
with the ZX81 not as straightforward as 
interfacing with just the Z80 CPU is that 
the ZX81 does not use absolute address 
decoding in its memory scheme. Con-

• It places the address of the device with 
which it wishes to communicate on the 
eight lower bits of the address bus . · 

• It places the data it wishes to send to (or 
receive from) the external device on the 
data bus. 
• After the address and data buses have 
had time to settle, it sends a control pulse 
to initiate the data transfer. 

The microprocessor does those three 
operations every time it wishes to commu
nicate. But it is your responsibility to per
form the following tasks in response: 
• You must decode the address from the 
address bus and signal the device that its 
particular address is being sent. 
• You must be certain that the communi
cation lines of the device are properly 
connected to the data bus, and if it is an 
input device, its communication lines 
must be disabled (set to a high-imped
ance) until it receives an input-control 
pulse from the microcomputer. 
• When interfacing to the Z80 CPU, you 
must decode three control signals to gen
erate the input and output control pulses. 
Once decoded, you must send the appro
priate control pulse to the device to initiate 
data transfer. 

The interface circuit 
The schematic of the interface circuit is 

shown in Fig. 2. Let's take a look at it to 
see how the principles that we just men
tioned apply. Two sections of a quad OR 

gate , ICI-a and ICI-b, receive three con
trol signals from the microcomputer on its 
inputs. It decodes those three signals, 
such that when IORQ and WR are true (low) 
an ouT control pulse is generated. When 
IORQ and RD are true (low) an IN control 
pulse is generated . Those input- and out
put-control pulses initiate the data trans
fers . Each of the control pulses goes to a 
74LSI38 3-to-8-line decoder (IC3 and 
IC4). Figure 3 shows how the 74LSI38 
operates: When ET and E2 are high (logic I) 
the logic levels of inputs A, s, andc: do not 
matter. However, if ET and E2 are low 
(which is the condition when either IN or 
ouT is true), the inputs A, s , and c are 
decoded such that one of the outputs on 
the 74LSI38 goes low. As shown in the 
table in Fig. 3, the output that goes low 
depends on the code at the inputs A, s, 
and c (pins I, 2 , and 3). 

Referring back to the schematic in Fig . 
2, you will notice that the 74LS138 inputs 
are connected to A2. A3 and A4 of the ZX81 
address bus. This means that- assuming 
that A 0. AI. A S. A6 and A 7 are a ll logic 
zeros- the device codes as, shown in Tab
le 2, can be generated by the ZX81 and 
will be decoded by the 74LS138. 

So with two OR g ates and two 
74LS138's you have the capability of gen
erating eight output- and eight input-de
vice code pulses. In other words , you have 
the capability of sending an output to 
eight separate devices from the ZX81 and 
receiving an input from eight separate de
vices. In the interface circuit in Fig . 2, 
three of the output-device code pulses 
(IC4, pins 13, 14 and 15) and one of the 
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FIG. 2-INTERFACE-CIRCUIT SCHEMATIC. The connections to the computer include three address 
lines, three control lines, and four data lines. Note that + 5 volts can also be taken from the computer. 

74LS138 

OUTPUTS 

a 

E1 AND E; OUTPUTS 
C 8 A 1 2 3 4 5 6 7 8 

1 X X X 1 1 1 1 1 1 1 
0 0 0 0 0 1 1 1 1 1 1 
0 0 0 1 1 0 1 1 1 1 1 
0 0 1 0 1 1 0 1 1 1 1 
0 0 1 1 1 1 1 0 1 1 1 
0 1 0 0 1 1 1 1 0 1 1 1 
0 1 0 1 1 1 1 1 1 0 1 1 
0 1 1 0 1 1 1 1 1 1 0 1 
0 1 1 1 1 1 1 1 1 1 1 0 

b 

FIG. 3-THE 74LS138 3-to-8-line decoder/multi
plexer. By using three address lines and two 
control lines, we can generate 8 input- and 8 
output-device codes. 

input-device code pulses (IC3 pin 15) are 
used. The remaining input and output de
vice code pulses will be used in future 
interface projects. 

Once the device-code pulses are gener
ated via the input and output 74LS!38's, 
they are sent to the clock/calendar circuit 
to get information into and out of the 
MSM5832 clock/calendar I C. 

The remainder of the circuit in Fig . 2 is 
specifically for interfacing the MSM5832 
to the ZX81 . For example, when output
device code pulse OOH is generated (at 
IC4, pin 15), it goes to pin 4 of IC5 , a 

TABLE 2 
A2 Device Code (Hex) 
0 00 
1 04 
0 08 
1 0C 
0 10 
1 14 
0 18 

1 1 1 1C 
Note: A?, A6, A5, A1, and A0 = 0 

74LS74 flip-flop. (Note: A hexidecimal 
number is indicated by a capital " H" fol 
lowing the digits.) When the flip-flop re
ceives a low-going pulse on pin 4, it sets 
its output (pin 5)-and thus the cs and 
HOLD inputs of the MSM5832 clock/cal
endar IC-to a logic I. A logic I on those 
inputs selects the MSM5832 and holds all 
of its internal registers stable during the 
input or output operation. 

In addition to going to pin 4 of the 
74LS74, the device-code pulse is inverted 
and sent to pins 4 and 13 of a IC7, a 
74LS75 4-bit latch. When the 74LS75 
receives a high-going pulse on pins 4 and 
13, it catches the data present on its inputs 
(pins 2, 3 , 6, and 7). Those input pins are 
connected (through a buffer) to the four 
lower-order bits of the data bus of the 
ZX81. 

The information transferred from the 
ZX81 to the latch is the code or address for 
the MSM5832 clock/calendar register to 
which it wishes to send or receive infor
mation. A listing of the register options 
and their codes are shown in Table 3. 
Once the register code is sent to the 
74LS75, it will remain present on its out
puts until a new register code is sent. 

PARTS LIST 

IC1-74LS32 quad oR gate 
' IC2-7 4LS04 hex inverter , 

IC3,1C4-74LS138 3-to-8-line decoder/ 
multiplexer 

IC5-74LS74 dual 0-type flip-flop 
IC6-MSM5832 microprocessor real

time clock/calendar 
IC7-74LS75 4-bit bistable latch 
IC8-74LS373 octal 0-type latch 
IC9-74LS111riple 3-input AND gate 
IC10-74LS245 octal bus transceiver 
XTAL 1-32.768 kHz 

Miscellaneous: Card-edge connector for 
ZX81, wire-wrap sockets, universal plug
board, etc. 

The following are available from Active 
Electronics, PO Box 8000, West· 
borough, MA 01581 (1·800·343·0874): 
MSM5832 clock/calendar IC, $12.95; 
32.7680 kHz crystal, $3.45. Add $3.75 
for postage, handling, and insurance. 

Once the register code is sent , the 
MSM5832 is ready for communication 
and data can be sent to the selected regis
ter by generating an output-device code 
pulse 08H (pin 13, IC4). You may receive 
information from the selected register by 
generating an input-device code pulse 
OOH (pin 15, IC3). When you have com
pleted your input or output operations, an 
output-device code pulse 04H (pin 14, 
IC4) is generated to reset the 74LS75 flip
flop output back to a logic zero. That 
deselects the MSM5832 and allows it to 
resume normal timing operations-which 
brings us to an important point: If the 
MSM5832 is kept on hold (cs and HOLD 

set to logic I) for more than I second , its 
normal timing will be interrupted and you 
will lose a second for each second that 
those pins are held to a logic I. 

Two IC 's in the interface , IC8 and ICIO, 
have not been discussed. yet they are im
portant. Those two lC's are bus buffers
they protect the ZX81 from damage result
ing from wiring errors in the interface 
circuit. For example, IC8 (74LS373) 
buffers the address lines and is unidirec
tional , while ICIO (74LS245) buffers the 
data-bus lines and is bidirectional. The 
74LS245 allows information to flow from 
the ZX81 data bus to the interface circuit 
on all ouT instructions. But it only allows 
information to flow from the interface cir
cuit to the ZX81 on certain IN instructions. 
Those IN instructions are determined by 
the IN address lines A:! through A4 , and a 
decoder circuit constructed of IC9 
(74LSII) and ICI-c (74LS32). 

If any address line is a logic 0 and an IN 

is generated, the 74LS245 allows infor
mation to flow from the interface circuit to 
the ZX81 data bus. That means that if the 
ZX81 is trying to generate an IN 

instruction with A2, A3 , and A4 all logic 
I 's, an input will not be accomplished. 

59 



(/) 
(.) 

z 
0 c: 
1-
(.) 
w 
--' w 
6 
0 
<( 
c: 

60 

TABLE 3-MSM5832 REGISTERS 

Address Inputs Internal Data 1/0 Data *Notes 
A3 A2 A1 A0 Counter D3 D2 D1 D0 Limits 

0 0 0 0 Seconds X X X X 0-9 Seconds and tens of 
0 0 0 1 Tens of seconds - X X X 0-5 seconds are reset to 

zero when write 
instruction is 
executed with 
address selection 

0 0 1 0 Minutes X X X X 0-9 
0 0 1 1 Tens of minutes X X X 0-5 
0 1 0 0 Hours X X X X 0-9 
0 1 0 1 Tens of hours X X 0-1 /0-2 D2 = 1 for PM; D2=0 

for AM 
D3 = 1 for 24-hour 
format 
D3 = 0 for 12-hour 
format 

0 1 1 0 Day of week X X X 0-6 
0 1 1 1 Days X X X X 0-9 
1 0 0 0 Tens of days X X 0-3 D2 = 1 for 29 days in 

Feb 
D2 = 0 for 28 days in 
Feb 

0 0 1 Months X X X X 0-9 
0 1 0 Tens of months X 0-1 
0 1 1 Years X X X X 0-9 X Indicates data can 
1 0 0 Tens of years X X X X 0-9 be either 1 or 0 

FIG. 4-THE INTERFACE BOARD. Wire wrapping is probably the easiest way to construct the Interface. 
Be sure to leave space between the connector and the lowest IC socket so you can plug the board Into 
the computer. 

Even though the 74LS138 can decode and 
generate a device code pulse for that ad
dress when those three address lines are 
all logic l's, the 74LS245 will not let the 
information pass. Keep that in mind when 
interfacing with the circuit. 

Building the interface 
To wire anything to the card-edge port 

of the ZX81, you'll need a 44-pin card
edge connector. However, you cannot use 
a standard 44-pin connector. If you look 
closely at the card-edge fingers, you will , 

notice that, in addition to the 44 fingers, 
there is a keyway. That keyway takes up 
exactly one pin location-it's used so that 
you won't plug anything in backward . It 
means that the connector you need is actu
ally a 46-pin type. The problem is that 
standard connectors are available in 44-
and 50-pin configurations but are not 
available with 46 pins. 

You can do one of two things . You can 
buy a special connector that will fit the 
ZX81 . (Such a connector is not too easy to 
find, but they are available from the "cot-

tage industry " that has sprung up around 
the ZX81.) Your other choice is to buy a 
standard 50-pin connector and cut it to 
size. The 50-pin card-edge should have 
0.100 by 0.200 inch spacings. It is avail
able from many suppliers , in many dif
ferent configurations. You'll probably 
want to buy the wire-wrap type because 
wire wrapping is easy to use and is easy to 
modify. But if you're not a wire-wrap fan , 
feel free to use some other construction 
method. Whatever method you use, you 
should make some note of the connector 
polarity. Either insert a "key" in the key
way or simply label the connector. 

Once all the parts for the circuit have 
been acquired, the card-edge connector 
and wire-wrap sockets can be place on 
universal plugboard as shown in Fig. 4 . 
Notice that there is approximately one 
inch between the top of the card-edge 
connector and the bottom of the lowest IC 
socket. If you intend to leave your ZX81 in 
its case , be sure to do the same. Otherwise 
you won ' t be able to plug the expansion 
board into the computer. You will also 
notice that a a 40-pin IC socket has been 
placed on the plugboard , even though 
none of the IC's in the circuit requires it. 
That 40-pin socket has not been placed on 
the board to receive an integrated circuit; 
its purpose is for breadboarding. As new 
circuits are developed to interface to the 
ZX81 they can be developed on a sol
derless breadboard and tested. (The photo 
on the title page of this article shows the 
clock/calendar circuit under construction 
before any IC sockets were placed on the 
plugboard .) When your circuits are work
ing properly, they can be transferred to the 
plugboard in wire-wrap form. When you 
need a signal from theZX81 all you have to 
do is bring the signal to the back of the 40-
pin IC socket by wire wrapping it from the 
card-edge connector. Then you can plug 
one end of a wire into the corresponding 
hole of the socket, and plug the other end 
of the wire into the solderless bread
board-very handy! 

Another trick that you may find useful 
when wire wrapping is to use a small 
amount of quick-setting epoxy glue on the 
backs of the IC sockets before mounting 
them. That ensures a sturdy mount which 
makes wire wrapping easier. Labeling 
each IC and marking the number one pin 
of each IC makes the task of wire wrap
ping much easier; and in addition this aids 
in reducing wiring errors. Plastic slip-on 
pin identifiers are recommended . 

Now that we have the basic hardware 
design completed, we can turn to what is 
often the most time-consuming and least 
understood aspect of any microprocessor
based project: the software-the program 
that makes your interface do what it has 
been designed to do . Next month, after we 
look at the software, we'll be able to put 
the interface to work as a temperature sen
sor, a security system, and more . R-E 



Clamp-on DC Ammeter 
This ammeter uses Hall-effect 
transducers to let you measure DC 
current using a clamp-on probe. 

THE CONVENTIONAL METHOD OF MEASUR

ing direct current in a circuit is to connect 
an ammeter in series with the current flow, 
as shown in Fig. 1. That means that if you 
want to measure the circuit's current, you 
have to shut the current off before con
necting or disconnecting the ammeter. If 
the point of current measurement is at a 
high voltage, the ammeter case must be 
insulated from ground to prevent arcing. 
And it also must be insulated from people 
who might come in contact with it. 

Another problem with inserting a con
ventional ammeter in series with the cur
rent flow is that the internal resistance and 
inductance of the meter can alter some 
characteristics of the circuit under test in 
an undesirable manner. For example, it 
can add inductance in a video circuit or 
resistance in a high-current circuit. A re
mote meter-reading at any distance may 
be difficult to obtain. 

The clamp-on ammeter 
With clamp-on ammeters , there 's no 

exposure to dangerous voltages when 
measuring current; there's no need to dis
turb the insulation; there's no inserted im
pedance. Clamp-on ammeters eliminate 
the undesirable characteristics of DC am
meters because they measure the current 

mea
suring current can add undesirable resistance 
and inductance to the circuit. The ammeter case 
may also be at a dangerous voltage level. 

add inductance or resistance to the circuit, and 
it's isolated from high voltages. 

flowing in a wire without breaking the 
circuit connection, as shown in Fig. 2. 

Clamp-on ammeters for measuring al
ternating current have been around for a 
long time. Those devices are generally 
low cost , reasonably accurate, and easy to 
construct since they operate on a mutual
inductance principle the same as a trans
former. But there have only been a limited 
number of DC clamp-on ammeters avail
able. One example of a fine laboratory
type DC clamp-on ammeter is shown in 
Fig. 3: Hewlett Packard's HP-428B, 

·which can measure current from 1 milli-
amp to 10 amps . Its list price is around 
$1800. The HP-428B first converts the 
magnetic field around the colliiuctor to an 
AC voltage that is proportional to the DC 
current. If you connect a voltmeter or os
cilloscope to a front-panel output, you can 
measure low-frequency (under 400 Hz) 
AC current , too . The unit's probe needs 
occasional de-gaussing. 

Just recently, some DC clamp-on am
meters that make use of the Hall effect 
principle- as our ammeter will d<r-have 
become available . The list price of those 
instruments is about $200 to $500. Figure 
4, for example , shows F. W. Bell 's Current 
Gun model CG-103A. That is a clamp-on 
current probe that uses a Hall-effect gen-

c.... 
c 
~ 
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FIG. 3-0NE EXAMPLE OF a lab-type DC clamp
on ammeter: the HP-4288. 

FIG. 4...:rti1s cLAMP-ON ctiRi=fitNT PROBE 
uses Hall-effect sensors. 

FIG. 5-IF A CURRENT-CARRYING conductor is 
placed in a magnetic field, a Hall voltage is gen
erated that is perpendicular to both the current 
flow and the magnetic field. 

IRON BA LLS OR RODS 

FIG. 6-BECAUSE THE OUTPUT of early Hall 
transducers varied widely with temperature and 
pressure variations, their use was limited to act
ing as switches. Here, the iron balls or rods 
concentrated the field from the magnet. 

erator and lets you read DC and AC cur
rents on a standard voltmeter or 

(}) oscilloscope. The list price of that probe is 
O about $220. z 
~ The Hall effect r-
~ The Hall effect is one of those great 
u:J discoveries that had to wait for its time to 
c) come . Edward H. Hall , in 1879 , found 
~ that if a current-carrying conductor is 
a: placed in a magnetic field that is perpen-
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dicular to the direction of current flow, a 
voltage is developed across the material in 
a direction perpendicular to both the ini
tial current direction and the magnetic 
field , as shown in Fig . 5. That voltage is 
now known as the Hall voltage to com
memorate the discoverer of the effect. 

For close to 100 years, the Hall effect 
principle was little more than a note in 
some textbooks and a curiosity for experi
menters. That's because there wasn ' t 
much practical use for it-the magnitude 
of the Hall voltage produced in metallic 
conductors is extremely small. However, 
experiments with semiconductors showed 
that some semiconductor materials ex
hibit a Hall voltage three or four orders of 
magnitude greater than that of metal. The 
advances in semiconductor technology 
permitted the construction of practical 
Hall transducers. 

Early semiconductor Hall transducers 
had a tendency to drift considerably with 
vibration , pressure, and changes in tem
perature. That limited their use to acting 
as switches in counting devices. An ex
ample of how they could be used is shown 
in Fig. 6 . 

Using the Hall effect 
We no longer have to limit the use of 

Hall transducers to switches. A useful DC 
clamp-on ammeter can be built using 
Hall-effect transducers. 

lf a Hall generator is placed near a 
current-carrying conductor, the Hall volt
age that 's developed is proportional to the 
magnitude ofthe magnetic field surround
ing the conductor. Since that field is pro
portional to the current level , the Hall 
voltage is also proportional to the current 
level. 

For our Hall-effect ammeter to be prac
tical , it should meet some design criteria: 
• It must perform accurately on a single , 
straight wire. 
• It should be essentially free of high
voltage dangers . 
• It should operate from a single 9-volt 
battery for a reasonable length of time. 
• lt should be simple to operate , cali
brate , and " zero set" . 
• It should be fairly low-cost. 

We can start with a simple design like 

MAGNETIC LINES OF 
FORCE AROUND WIRE 

HALL 
TRANSDUCER 

FIG. ?-SIMPLIFIED HALL-EFFECT DC ammet~~ 

that shown in Fig . 7. The voltage induced 
by the magnetic lines of force around wire 
generates a voltage that is amplified by the 
Hall transducer. However that type of cir
cuit is not too practical : It can be used 
only if the current is extremely large . Fig
ure 8 shows an improved simplified cir
cuit. The first improvement is the use of a 
concentrator core , which increases the 
magnetic effects by about a factor of four. 
We ' ll talk more about that shortly. A sec
ond improvement is that two Hall trans
ducers are used. Using two transducers, 
fastened back-to-back gives us two advan
tages : First , the Hall voltage is doubled . 
Second, drifting due to temperature and 
pressure changes is drastically reduced 
because each input of the differential op
amp will be effected similarly. The sche
matic of the final circuit is shown in Fig. 
9. 

When designing the meter, several Hall 
transducers were tried. Most of them 
drifted wildly. A 9SS-series transducer 
manufactured by the Micro Switch Com
pany (Div. Honeywell, II W. Spring St., 
Freeport , LL) demonstrated considerable 
improvement over all others and was 
chosen for the final circuit. Figure 10 
shows the Hall transducer. 

The output voltage of the 9SS as a func
tion of the magnetic field is linear over an 
input range of - 400 to + 400 gauss. The 
diagram in Fig . II shows the four blocks 
that make up the transducer: Hall-effect 
element , voltage regulator, amplifier, and 
output transistor. Its transfer function is: 

V O!JT = (6.25 X IQ-4 8 + 0.5)V 5 

where V 5 is the supply voltage and B is 
the magnetic flux density in gauss. 

The flux concentrator 
The flux density produced by low-level 

currents is usually not sufficient to allow 
the use of a Hall transducer to measure the 
current. However, if a toroidal is used to 
enclose the conductor and act as a flux 
concentrator, good results can be ob
tained , and the basic clamp-on circuit of 
Fig. 5 can be made into a practical and 
useful measuring instrument. 

Different materials, sizes, and shapes 

WIRE CARRYING DIRECT CURRENT 
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FIG. 8- THIS IMPROVED HALL-EFFECT-AMMETER circuit uses two back-to-back Hall transducers 
and a ferrite concentrator core. 
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FIG. 9-COMPLETE AMMETER SCHEMATIC. Parts values are not critical, but for more accurate 
calibration, use variable resistors for R3, R4 (and R12, if you don't use a jumper). 

were tried for the concentrator for the ex
ternal probe. The standard of comparison 
was to pass one ampere of current through 
a single wire surrounded by the core under 
test. Ordinary steel, power-transformer 
steel, silicon steel and "mu" metal all 
retained enough residual magnetism after 
the passage of I ampere through the wire 
to upset the zero calibration of the meter 
after removal of current. The only mate
rials that retained no measurable residual 
magnetism were ferrite and a special nick
el core. 

Different core sizes from .5 to I inch in 
diameter were used with no measurable 
difference in results. Changing the core 
gap size caused the instrument sensitivity 
to vary in a linear manner. If the gap size 
was doubled, the meter reading was re
duced to one-half. 

The final probe constructed by the writ
er used a 7/s-inch outside-diameter ferrite 
core with a 31i6-inch gap. 

Building the ammeter 
You can build the DC ammeter for less 

than $60, including the case. In addition 
to being used as an ammeter, you can use 
the instrument as a gaussmeter-it will 

FIG. 10-THE HALL-EFFECT SENSOR from 
Micro Switch, the LOHET (Linear Output Hall 
Effect Transducer). 

indicate the presence, relative intensity, 
and polarity of an external magnetic field. 

The probe is the most difficult part of 
the instrument to build. In the prototype, 
the Hall transducers were first glued back
to-hack with epoxy glue and plastic slides 
were glued on the sides of the transducers, 
as shown in Fig. 12. The core was then 
glued to a piece of V32-inch fiberglass 
which slid into the side pieces. That per
mits the Hall transducers to move into the 
the gap in the ferrite after the wire has 
been passed through. When the trans
ducers are properly positioned, their cen
ters should be in line with the core. The 
closed probe is shown in Fig. 13 . 

When you build your clamp-on am-

PARTS. LIST 

All resistors are %-watt, 5%, unless 
otherwise noted. 

R1 ,R2,R9,R11-1100 ohms 
R3--15,000 ohms 
R4-1300 ohms 
R5,R7-10,000 ohms 
R6,R8- 4700 ohms 
R10-10,000 ohms, potentiometer 
R12- see text 
Semiconductors 
IC1- LM741 op-amp 
IC2, IC3-Hall transducer, sensitivity 3 

mV/gauss (Micro Switch 918812-2) 
Other components 
M1- Meter, 100 microamperes move

ment. (Note that meters with move
ments up to 1 rnA may be used.) 

81-Three-position rotary switch 
82-SPDT toggle or slide switch 
81-Battery, 9 volts, transistor type 

Miscellaneous: Concentrator cores, 
case, wire, solder. Concentrator cores 
with a permeability of 2500 or greater 
all performed equally well. It appears 
that a permeability greater than 
250Q-3000 fails to capture any addi· 
tional magnetic flux lines. 
The core used in the probe shown in 
the pictures is a Stackpole 57·3336 
type 248 material with a permeability 
of 5000 and a 0.187-inch gap. These 
may be obtained from Permag Central 
Corp., 1213 Estes Ave., Elk Grove Vil
lage, IL 60007. The single-unit price js 
$11 postpaid (IL residents add 7% sales 
tax). 

A pai r of Hall-effect transducers 
(Micro Switch 91SS12·2) is available 
from Peerless Radio Corporation, 19 
Wilbur Street, Lynbrook, NY 11563, for 
$16 postpaid. (NY residents add 8% 
sales tax). 

r--- -"' _ = ..... ..,.: _ _._ . ., 

I I 
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~- ------ - --l!ON 

FIG. 11-BLOCK DIAGRAM of Micro Switch's 
LOHET 91SS12-2. 

meter, you may want to use your imagina
tion when constructing a probe for the 
device . The one shown here works, but is 
not necessarily the most elegant. You may 
want to build the entire ammeter into a 
handheld probe. For example, F. W Bell 
Inc. (6 120 Hanging Moss Rd., Orlando, 
FL 32807) sells such a meter. They simply 
added a digital meter to the probe that was 
shown in Fig. 4. 

Cores fo r the probe should be pur
chased with a precut gap, because cutting 
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PLASTIC SLIDE GLUED TD 
EDGE OF TRANSDUCERS 

FIG. 12-THE CLAMP-ON PROBE is shown with the gap open. 

FIG. 13-THE CLAMP-ON PROBE is show here closed. The center of the transducer is in line with the 
ferrite core. 

S2 

DC METER 
(100!-IA MOVEMENT) 

FIG. 14-THE AUTHOR'S PROTOTYPE. The construction method is obviously not critical. 

through ferrite material without special 
tools is extremely difficult. 

We won't go into detail on the con
struction of the rest of the instrument. It is 
rather straightforward and is not critical. 
We'llleave it to the ability of the persons 
wanting to build a clamp-on ammeter. As 
you can see in Fig. 14, the author's pro
totype simply used a solderless bread
board for the op-amp circuit. 

Calibration procedures 
Calibration of the ammeter is deter

mined mainly by the size of feedback re
sistors R3, R4 , and R12 and by the 
concentrator-core gap. Resistor Rl2 will 
generally be zero (a jumper) for the high
est current range desired . 

Potentiometers should be substituted 
for R3 and R4 to increase the calibration 
accuracy. And, of course, the more accu-

rate the standard you use, the more accu
rate the calibration will be. A one-ampere 
source of current is most desirable. To 
calibrate, zero the meter with no current. 
Then pass one ampere through the wire 
encircled by the core concentrator with Sl 
placed in the 0-to-l amp range . Set R3 for 
full scale deflection. (Note that current 
must flow in the proper direction, or the 
meter will read backward.) Next, make a 
coil of lO turns of wire and place a leg of 
the concentrator through the coil. Set Sl 
to the 0 to 10 ampere range and zero the 
meter. Pass l ampere through the coil. Set 
R4 to full scale deflection. Construct a 
coil of 40 turns of wire and place a leg of 
the concentrator through the coil. Place 
Sl in the 0-to-40 amp position arid adjust 
for zero. Pass I ampere through the coil 
and adjust R5 for full scale reading . 
Please note that the actual full-scale read
ing of the high current range will vary 
with core gap size. 

Current drain 
The clamp-on ammeter under discus

sion has a currei:lt drain of 21 rnA whert 
utilizing an alkaline battery. For the sake 
of comparison, we'll mention that a T/-30 
calculator draws 9 rnA when idling and 50 
rnA when eight nines are displayed. 

This instrument rieed only use the nine
volt battery for isolated measurements. 
For ordinary bench measurements, or for 
installation in ari AC driven industrial or 
commercial device, an AC power-supply 
(or "battery eliminator") can be used. 
Those srhall, low-cost, plug-in devices are 
capable of delivering 30 to 40 rnA. But for 
best results and drift-free measurements, 
use a regulated supply. 

High voltage warning 
One of the advantages of a clamp-on 

ammeter is the ability to indicate current 
in a high voltage circuit without insulating 
the measuring meter. However, the safety 
factor is only as good as the wire insula
tion involved. When using the instrument 
to measure current in a high-voltage cir
cuit make sure the wire insulation has an 
adequate safety factor to prevent arcing or 
danger to the operator. R-E 
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Designing practical power-supply and voltage
regulator circuits is not difficult-but finding 
practical information on those circuits often is. 
We'll change that with an in-depth look at 
practical power supplies and voltage regulators. 

FIG. 1-THE FULL-WAVE-RECTIFIED output 
from the transformer/rectifier combination is fil
tered by C1. --

TWO OF THE MOST COMMON CIRCUIT DE

sign tasks are those of designing basic 
power-supply circuits and designing volt
age-regulator circuits. Both of those de
sign tasks are reasonably simple. A basic 
power supply consists of little more than a 
combination of a transformer, rectifier, 
and filter so all the designer has to do is 
use a few simple rules to select the compo
nent values that will suit his own par
ticular design requirements . 

Voltage-regulator circuits may vary 
from simple Zener networks (designee! to 
provide load currents up to only a few 
milliamps) to fixed-voltage high-current 
units (for powering logic boards, etc.), or 
to variable-voltage, high-current units de
signed for general-purpose laboratory 
supplies. We'lllook at practical versions 
of all those examples. 

Power supply circuits 
Basic power-supply circuits are used so 

that equipment that requires a DC voltage 
can safely operate from the AC power 
lines (rather than from batteries). They are 
simply designed to convert the AC power
line voltage into an electrically isolated 
DC voltage with the value required by the 
actual circuitry of the equipment. The 
basic power-supply circuitry consists of 
little more than a transformer-rectifier-fil 
ter combination: The transformer is used 
to convert the AC line voltage into an 
electrically isolated and more useful (con
venient) AC value, and the rectifier-filter 
combination is used to convert the new 
AC voltage into a smooth DC value. 

Figures I through 4 show the three most 
usefu l transformer-rectifier-filter com-

RAY MARSTON 

binations that you will ever need. The 
circuit shown in Fig. I provides a single
ended DC supply from a transformer and 
bridge-rectifier combination. Its perfor
mance is virtually identical to the circuit 
shown in Fig. 2, which uses a center
tapped transformer. 

The circuits of Figs. 3 and 4 provide 
bipolar DC supplies. Note that Fig. 4 is 
essentially the same as Fig. 3, except that 
discrete diodes (Dl-D4) are used instead 
of a bridge rectifier. A bridge rectifier can 
keep things neater, but it can often be 
cheaper to use discrete diodes in high
current applications. Throughout the re
mainder of the article, we'll show only 
circuits that use discrete diodes. Where a 
bridge rectifier can be substituted, we'll 
show the diodes in the usual bridge con
figuration , as we did in Fig. I. 

The rules for designing both the single
ended and bipolar supplies are simple, as 
you' II see in a moment. 

Transformer-rectifier selection 
The three most important parameters of 

a transformer are its secondary voltage, 

FIG. 2- THIS CIRCUIT, which uses a center-tap
ped transformer, performs identically to that 
shown in Fig. 1. 

its power rating, and its regulation factor. 
The secondary voltage is always quoted in 
volts RMS at full rated power load. The 
power load is quoted in terms of VA 
(Volt-Amps) or watts. Thus, a 15 V, 20 VA 
transformer has an output of 15-volts 

GND 

Tl +Vour 

~~C n;CL......f-L--+--T 

-Vour 

FIG. 3-THIS BIPOLAR SUPPLY uses a bridge 
rectifier, but separate diodes could be used in
stead. 

+Your 

-Your 
FIG. 4-FOUR DISCRETE DIODES replace the 
bridge rectifier of the previous circuit. Note, 
however, that the two circuits are equivalent. 
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RMS when it is supplying 20 watts. When 
the load is removed (and the supplied 
power is reduced to zero) the secondary 
voltage will rise by an amount specified 
by the regulation factor. Thus, the output 
of a 15-volt transformer with a 10% reg
ulation factor (a typical value for the reg
ulation factor) will rise to 16.5 volts when 
the output is unloaded. 

The most important point to notice here 
is that the RMS output-voltage of the 
transformer secondary is not the same as 
the DC output voltage of the complete 
power supply. In fact, the DC output volt
age of a full-wave-rectified circuit is 1.41 
times the RMS transformer voltage (igno
ring rectifier losses) that is feeding the 
rectifier, as shown in the graph of Fig. 5. 
Note here that that voltage is equal to 1.41 
times the voltage of a single-ended trans
former, or 0.71 times that of a center
tapped transformer. Thus, our single-end
ed, 15-volt RMS transformer with 10% 
regulation will provide an output of about 
21 volts at full rated load Uust under I amp 
at 20 VA rating) and an output of 23.1 
volts at zero load . 

When rectifier losses are taken into ac
count, the output voltages will be slightly 
lower than shown in the graph. In the 
"two-rectifier" circuit of Fig. 2, the 
losses amount to about 600 millivolts, 
while in the "bridge" circuits of Figs. I, 
3, and 4, the losses amount to about 1.2 
volts. The rectifiers should, for maximum 
safety, have current ratings at least equal 
to the DC output currents. 

Thus, the procedure for selecting a 
transformer for a particular problem is 
very simple. Let's see what's involved. 

First, decide on the DC output voltage 
and current that is required: The product 
of those two values (allowing for slight 
rectifier losses) determines the minimum 
VA rating of the transformer. Next, con
sult the graph of Fig. 5 to find the trans
former-secondary RMS voltage that 
corresponds to the required DC voltage. 
Simple? 

The filter capacitor 
The purpose of the filter capacitor is to 

convert the full -wave-rectified signal of 
the rectifier into a smooth DC voltage. 
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FIG. 5-TO USE THIS GRAPH, determine the 
required loaded DC output voltage. Then read 
across to find the corresponding transformer 
secondary voltage. 

The two most important parameters of the 
capacitor are its working voltage and, of 
course, the value of its capacitance. The 
working voltage rating must be greater 
than the off-load output voltage of the 
power-supply circuit. The capacitance 
value determines the amount of ripple that 
will appear on the DC output when cur
rent is being drawn from the circuit. 
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FIG. 6-THE FILTER-CAPACITOR value deter
mines the amount of ripple at the output. This 
graph relates capacitor value to ripple voltage 
and load current in a full-wave-rectified, 50-60 
Hz powered circuit. 

~A=~ 
v1N }---ovour = Vo 

01!-= 
~•r-----:t~----~OGNO 

FIG. 7-USING A ZENER DIODE is an easy way 
to obtain a fixed reference voltage. This refer
ence circuit is biased at about 5 mA. 

A= viN- Vo I 
(I L + 5)mA 

._---.::-0 Vo UT = Vo 
IL 

01 

.-------~----~GND 

FIG. 8-THIS BASIC Zener regulator circuit can 
supply load currents of a few tens of milliamps. 

0 1 
2N3053 

+ C1 

VouT 
= 1l 4V 

R2 
47K 10/16V 

GND 

FIG. 9-THE SERIES-PASS Zener-based reg
ulator circuit gives an output of 11.4 volts and 
can supply load currents up to about 100 mA. 

As a rule of thumb, in a full-wave
rectified power supply operating from a 
50-60Hz power line , an output load-cur
rent of 100 rnA will cause a ripple wave
form of about 700 m V peak-to-peak to be 
developed from a 1000-f.LF filter capacitor. 
The amount of ripple is directly propor
tional to the load current and inversely 
proportional to the filter capacitor's value. 
That is shown in the "design guide" of 
Fig. 6. 

In most practical applications, the rip
ple should be kept below 1-1 .5 volts peak
to-peak under full load conditions. If very 
low ripple is required, the basic power 
supply can be used to feed a 3-terminal 
voltage regulator, which can easily reduce 
the ripple by a factor of 60 dB or so at very 
low cost. 

Voltage-regulator circuits 
Voltage regulators may vary from sim

ple Zener-based circuits designed to 
provide load currents up to only a few 
milliamps, to fixed-voltage high-current 
circuits designed around " fixed " 3-termi
nal regulator IC's, or to variable-voltage 
high-current circuits designed around 
"variable" 3-terminal regulator IC's. 
We' lllook at practical versions of all three 
types of circuits. 

Zener-based circuits 
A Zener diode can be used to provide a 

fixed reference voltage by using the sim
ple circuit shown in Fig. 7. In that circuit, 
a current of roughly 5 rnA is passed 
through the Zener diode from the supply 
through the current-limiting resistor R. 
The supply voltage, YIN• may be subject 
to fairly wide variations, causing the 
Zener current to vary over a similarly 
large range. So long as YIN is always 
more than a few volts greater thiln the 
Zener voltage and provided that the Zener 
power rating is not exceeded, that varia
tion has only a moderate influence on the 
output voltage of the Zener, which typ
ically has an effective output impedance 
of only a few tens of ohms. 

A Zener can be used as a very simple 
voltage regulator, providing maximum 
load currents up to a few tens of milli
amps, by merely selecting the value of the 
resistor R as shown in Fig. 8 . When the 
designed maximum load current is being 
drawn, only 5 rnA flows through the 
Zener: When zero load current is being 
drawn, the Zener passes 5 rnA plus the 
full maximum designed load current and 
thus dissipates maximum power: It is im
portant to ensure that the power rating of 
the Zener is not exceeded under this no
load condition. 

In most practical voltage-regulator ap
plications, the Zener is simply used to 
apply a reference voltage to a high-gain 
non-inverting buffer amplifier, which 
then supplies the required output power. 
The simplest example of this type of cir-



cuit is shown in the series-pass regulator 
circuit of Fig. 9. Here , QI is wired as a 
voltage follower, its emitter remaining at 
about 600 m V below its Zener-defined 
base voltage under all load conditions. 
The Zener network provides the base
drive current to QI. That current is equal 
to the output load current divided by the 
current gain of the QI " buffer" stage. 
Clearly, the higher the gain of Ql , the 
better will be the output regulation of the 
circuit . 

One way of improving the regulation of 
the circuit would be to use a Darlington 
transistor in place of Ql. An even better 
solution is to use the op-amp plus tran
sistor buffe r stage shown in Fig. 10 . 
There, the op-amp and Ql are wiredas a 
unity-gain non-inverting DC amplifier 
with a near-infinite input impedance and 
near-zero output impedance. The output 
voltage tracks within a few millivolts of 
the Zener reference value . The safe output 
current is limited to about 100 rnA by the 
power rating of QI. Higher currents can 
be obtained if Ql is replaced with a power 
Darlington transistor. 

The circuit shown in Fig. 10 is very 
versatile. It can be made to generate any 
desired fixed voltage up to about 30 V 
maximum by simply using a suitable 
Zener value and ensuring that the unregu
lated supply voltage is at least 5 volts 
greater than the Zener value (up to 36 volts 
maximum). 

The circuit can be used as a variable
voltage supply by simply wiring a potenti
ometer across the Zener, with its slider 
taken to the non-inverting input of the 
3140 op-amp. That op-amp can accept in
puts all the way down to zero volts , en
abling (for example) a 0-25 volt supply to 
be easily implemented. 

Fixed 3-terminal. regulator circuits 
Fixed-vo ltage regul ator design has 

been greatly simplified in recent years by 
the introduction of 3-terminal regulator 
IC's such as the " 78xx" series of positive 
regulators and the "79xx" series of nega
tive regulators. Those IC 's incorporate 
features such as built-in fold-back current 
limiting and thermal protection. A wide 

v,N = 
18V(UNREG) 

R2 
4.7K 

6 

FIG. 11- A THREE: TERMINAL positive regulator circuit. 

v,N= I]ll 
111 VAl 

T1 
12V 

01 
1N4002 

VouT = -1 2V 

FIG. 12- A THREE-TERMINAL negative regulator circuit. 

+12V 

05 
1N4001 

GNO 

06 
1N4001 

- 12V 

FIG.1 3-COMPLETE ± 12-volt, 1-amp bipolar power supply using 3-terminal regulator IC's. 

range of 3-terminal fi xed-voltage reg
ulator IC's are available: Standard current 
ratings for those regulators are 100 rnA, 
500 rnA, 1 A and 3 A and standard output 
voltage ranges for those devices are 5 , 6, 
8 , 12, 15 , 18, and 24 volts . 

Three-terminal regulators are remark
able easy to use, as shown by the basic 
circuits in Figs . 11- 13 , which show the 
connections for making positive , nega
tive , and bipolar regulated power-supply 
circuits respectively: The IC's shown in 
those examples are 12-volt units with cur-

U1 
2N3053 

C1 
10/16V 

Vour= 12V 

GNO 

rent ratings of 1 amp, but the basic circuits 
are valid for all other voltage ratings, 
provided that the unregulated input volt
age is at least 3 volts greater than the 
desired output voltage . 

Note that a 0.27-J-LF or greater ceramic 
disc capacitor should be connected close 
to the input terminal of the IC, and a 
10- J-LF or greater electrolytic to the output. 
Also note that those regulator IC's typ
ically provide about 60 dB of ripple rejec
tion, so I volt of input ripple will appear as 
a mere 1 millivolt of ripple on the regu
lated output . 

The output voltage of a 3-terminal reg
ulator is referenced to the " common" ter
minal of the IC, which is normally (but 
not necessarily) grounded: Most regulator 
IC's draw quiescent currents of only a few 
rnA, which flow to ground via that " com
mon" terminal . The regulator output volt
age can thus easily be raised above the 
designed value by simply biasing the 
" common" terminal with a suitable volt
age, making it easy to obtain " odd-ball " 
output voltages from the regulator. Figs . 
14 to 16 show three possible ways of 
achieving this . 

FIG 1D-THIS OP-AMP·BASED REGULATOR gives an output of 12 volts at load currents up to 100 mA 
with excellent regulation. 

In Fig . 14 the bias voltage is obtained 
by passing the IC's quiescent current (typ-

1 
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V1N 

25V-30V 

0 

Vour 
12V·20V 

C2 
'10/50V 

GNO 

FIG. 14-A SIMPLE WAY to vary the output volt· 
age of a 3-termlnal regulator. 

Vour • 

12V-20V 

C2 
10/25V 

GNO 

FIG. 15-IMPROVED METHOD of varying the 
output voltage of a 3-termlnal regulator. 

VIN ;- C1 
22V-30V .27 

R1 
4.7K 
' C2 

t 10/24V 

GNO 

FIG. 16-TO INCREASE THE VOLTAGE output of 
a 3-terminal regulator, a Zener diode can be 
wired in series with the coMMON terminal. 

01 
MJE2955 

FIG. 17-TO BOOST THE OUTPUT-CURRENT 
capacity of a 3-terminal regulator, an external 
transistor can be used, as shown in this circuit 
that can supply a regulated 12 volts at 5 amps. 

ically about 8 rnA) through Rl. This de
sign is adequate in most applications, 
although the output voltage obviously 
shifts slightly with changes in quiescent 
current. The effects of such changes can 
be minimized by using the circuit of Fig. 
15, in which the Rl bias voltage is deter
mined by the sum of the quiescent current 
and the bias current set by R2 (12 rnA in 

this example). If a fixed output voltage is 
required other than the designed value, it 
can be obtained by wiring a Zener diode 
in series with the common terminal as 
shown in Fig. 16, the output voltage then 
being equal to the sum of the Zener and 
regulator voltages. 

The output current capability of a 3-
terminal regulator can be increased by 
using the circuit of Fig. 17. Resistor Rl is 
wired in series with the regulator IC: At 
low currents, insufficient voltage is de
veloped across Rl to turn Ql on, so all the 
load current is provided by the IC. At 
currents of 600 rnA or greater sufficient 
voltage (600 mY) is developed across Rl 
to turn Ql on, so Ql provides all currents 
in excess of 600 rnA. 

Finally, Fig. 18 shows how the pass 
transistor of the above circuit can be 
provided with overload current limiting 
via 0.12-ohm current-sensing resistor R2 
and turn-off transistor Q2. 

Variable 3-terminal regulator circuits 
We've already seen that the outputs of 

"78xx" regulators can be varied over lim
ited ranges by simply applying suitable 
variable voltages to their "common" ter
minals, even though these IC's are de
signed as "fixed" regulators . If, however, 
you need to vary the output voltages over 
fairly wide ranges, a far better solution is 
to use one of the special " variable" 3-
terminal regulator IC's , such as the 317K 
or the 338K. 

Figure 19 shows the basic variable-reg
ulator circuit that is applicable to those 
two devices . Both devices have built-in 
fold-back current limiting and thermal 
protection and are housed in T03 steel 
packages, the major difference between 
the devices being that the 317K has a 1.5 
amp current rating compared to the 5 amp 
rating of the 338K. 

The major feature of both devices is that 
their "output" terminals are always 1.25 
volts above their "adjust" terminals , and 
their quiescent or adjust-terminal currents 
are a mere 50 microamps or so . The 317K 
has an input-voltage range of 4-40 volts 
and an output-voltage range of 1.25- 37 
volts . The 338K has the same input range , 
but an output-voltage range of 1.25- 32 
volts. 

In the circuit in Fig. 19, the 1.25-volt 
difference between the " adjust" and 
"output" terminals causes several rnA to 
flow to ground through Rl, thereby caus
ing a variable "adjust" voltage to be de
veloped across Rl and applied to the 
"adjust" terminal. In practice, the output 
of the circuit in Fig. 19 can be varied over 
the approximate range 1.25 to 33 volts via 
Rl, provided that the unregulated input 
voltage is at least 3 V greater than the re
quired maximum output voltage. Natu
rally, alternative voltage ranges can be 
obtained by giving R2 and/or Rl alter
native values, but it should be noted that 

1 
Vour •12V · 

G'ND I 
FIG. 1a...::ovERLbAtl PROTcCTIONuha:tleeli 
added to the circuit of Fig. 17. 

FIG. 19-BASic APPLICATION of a ~le-volt· 
age 3-termlnal regulator. 

VIN 
35V-
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Vour = 
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FIG. 20-THIS VARIABLE-VOLTAGE regulator 
has ripple rejection of 80 dB. 

for best stability the R2 current must be at 
least 3.5 rnA. 

The basic circuit that we just looked at 
can be usefully modified in a number of 
ways . The basic ripple-rejection factor 
(about 65 dB) be increased to 80 dB by 
wiring a 10-J.LF bypass capacitor across 
R 1, as shown in Fig . 20, together with a 
protection diode connected as indicated, 
to prevent the capacitor from discharging 
into the IC if the regulator output is short
circuited. 

A further modification is shown in Fig. 
21. Here, the transient output impedance 
of the regulator is reduced by increasing 
the value of capacitor C2 to 100 J.LF; diode 
02 is used to protect the IC against 
damage from the stored energy of this 
capacitor if an input short occurs. 

continued on page 80 



PEOPLE WHO PLAY WITH STATISTICS OFTEN 

come up with numbers that speculate on 
how many years out of a person's lifetime 
are spent eating, sleeping, blinking, or 
whatever. I wonder if someone could esti
mate how many accumulated years a TV 
technician might spend working on those 
nearly impossible sets, doing things like 
waiting countless hours for those insuf
ferable intermittents to break down. The 
figure would be astonishing, I'm sure. If 
we could get paid for all of that time lost, 
even at two bucks an hour, it would be an 

awful lot of money. 
Let's take a look at some case 

histories. 

the 
Tough 
Ones 
Some TV problems can be 
fixed in a matter of minutes, 
with others it can take hours, 
days, or even weeks. In this 
article, we'll take a look at 
some of those "time killers, " 
and see how they were even
tually set straight. 

FRANK A. SALERNO 

The first involves a Zenith 25KC45 that 
started out routinely enough. The color 
was supposed to be drifting in and out. 
After sitting and watching the set for 
twenty minutes the customer was told that 
on that particular chassis, and others like 
it, the modules have a tendency to develop 
poor contacts. So, the modules were slid 
off and on again in order to re-establish 
the contacts and everything seemed fine . 

A week later the same call came in. 
This time the set had been on for a couple 
of hours when I arrived, and I was lucky to 
catch it in not-so-living black and white. 
The act of merely changing channel 
caused the color to pop back in, and 
nothing could be done to re-create the 
problem. I decided to change the 9-86 
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module, which carries the bulk of the 
color circuitry, and left confidently. That 
would not be the first time that that mod
ule was found to be the troublemaker. 

You guessed it, a few days later another 
call on that set came in. Once again, the 
receiver was in its "black-and-white" 
mode when I arrived. This time, I avoided 
changing channels and instead gingerly 
adjusted the fine tuning. The picture re
mained black and white . Slowly, I felt my 
way around inside when suddenly the 
color reappeared-again to stay. 

The 9-89 module basically contains the 
color-output circuitry, and it usually mis
behaves by causing changes in one of the 
primary colors , but still it does process 
the color signal. So I thought it a good 
idea to try a new one. 

The next call really started to get vex
ing. There was no doubt about the fact that 
all of the color circuitry was located on the 
two modules already changed. Taking the 
set to the shop, for the time being, was out 
of the question. That's because that type 
of problem has an annoying habit of clear
ing up somewhere between there and 
here , so I was determined to do everything 
I could on-site. 

In that set all of the customer controls, 
mounted at the front of the cabinet, are 
returned to the chassis through molex 
connectors. I poked around the wire bun
dle leading to the connectors, and for a 
brief moment I saw the color fade out and 
then in again. At last I thought that I was 
beginning to get somewhere, even though 
I was unable to repeat what had just hap
pened in that split second. I plugged the 
mol ex connectors out and in a few times in 
the hope of cleaning their contacts up and 
left once more feeling confident. 

For a week there was no news, but then 
it came. Lost for any more ideas, I was 
forced to pull the chassis . My reluctance 
to do so in the first place was well 
grounded. Once the jig was set up the long 
process of watching and waiting began. 
For clays nothing happened while the best 
part of my workbench was being tied up. 
Still, I used some of the time to record 
some measurements . I scoped the input of 
the 9-86 module and made a sketch of 
what I saw. I did the same with the input, 
as well as the output , of the 9-89. If and 
when the color finally disappeared I 
would then make some comparisons and 
know where I was losing it. 

But the color doggedly stayed put. At 
one point I was almost ready to give up 
and return the chassis, but I knew that that 
would have solved nothing, so I stayed 
with it , keeping an eye on it as much as I 
could . One day, upon returning to the 
shop after walking out for a few minutes, I 
was happy to see the picture in black and 
white. Quickly I turned on the scope, af
raid that at any moment the color would 
pop back in and my chance would be lost. 

Unfortunately, the scope did not tell me 

much . The waveforms were changed 
somewhat; a little crimped in one in
stance , slightly distorted in the other, but 
at none of my three test points (see Fig. 1) 
was there a total lack of signal to give me 
the clear diagnosis I was looking for. 

I went back to the wire bundle . There 
was a reaction. The bundle was gently 
pushed to the side, and the color faded 
away. When the bundle was released the 
color came back. Back and forth I went , 
trying to isolate out of this bundle of two 
dozen or more wires which were the most 
affected. Being all wrapped together, they 
all moved together. 

Nevertheless, by using a feather touch 
it started to appear that it was the small 
group of wires leading to a connector atop 
the variac tuner that was the most sen
sitive. Moreover, as it turned out , it was 
the single wire going to the AFC terminal 
on the tuner. Tugging slightly on the wire, 
I was able to cause the color to go in and 
out at will. Tightening the connector and 
resoldering it 's terminals solved the prob
lem. I still don't know why, it being an 
AFC problem, resetting the fine tuner did 
not restore color. 

VIDEO 
IN U12 

9-86 
CHROMA 
MODULE 

W5 W23 
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few times . The results were conclusive so 
the set's tuner was pulled out and sent for 
repair. 

Four days later I reinstalled the tuner, 
held my breath and pulled the switch. I 
lost my breath when the picture began to 
flicker and flash as badly as before. I re
traced my steps by hooking up the tuner 
sub one more time. The picture was then 
rock solid. 

It was time to rethink my diagnosis . 
Obviously, it was not the tuner itself that 
was creating the problem, but something 
that was tied into it: B-plus voltages, an
tenna transformer, AGC, etc. Taking volt
age measurements proved useless since 
the flickers were of such short duration. 
Also, with the picture bouncing so wildly 
there wasn't a stable voltage in the entire 
set. A better idea, I thought, would be to 
substitute each of the tuner feeds . First I 
eliminated the antenna. block. Next, I fed 
the tuner external B-plus voltages. Fi
nally, when I disconnected the AGC line 
and put a three-volt battery in it's place, 
the picture firmed up (see Fig. 2). So it 
was the RF AGC that was the reason for it 
all. Pushing on, I found the RF-AGC tran-

9-89 
VIDEO 
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c 

FIG. 1- POINTS A, B, and C were monitored in a hope to find where color was being lost. 

Not the antenna 
Turning to the next case, a Sony 

KV1720, hooked up to an external anten
na, was flickering and flashing badly. 
Now and then the picture would get snow 
and then quickly clear up. Outside, the 
wind was whipping around, and the rain 
was coming down in sheets. It was a per
fect day for antenna trouble. 

I grabbed an umbrella and went outside 
to have a look. I circled round and round 
the property looking for the antenna, but it 
was nowhere to be seen. The lead-in wire 
went up alongside one wall of the house, 
but then seemed to just stop at the attic 
window. 

When questioned about it the customer 
was -very vague, saying that there was 
something up in the attic, but he didn't 
know what it was . Well, what it was was 
the antenna, hanging comfortably from 
the rafters, cozy and dry, not being both
ered one bit by the swirling storm outside . 

Downstairs again, I removed the exter
nal connections and tried the set on it's 
"rabbit ears." The flickering was still 
there so I took the set with me. 

It was now my belief that the signal was 
breaking up in either the tuner or the IF 
strip. By disconnecting the tuner and 
hooking up a tuner sub, I was able to 
stabilize the picture. Wanting to be cer
tain , I switched tuners back and forth a 

FIG. 2-BY BREAKING OFF the AGC at X and 
hooking in a three-volt battery, the source of the 
problem was isolated. 

sistor to be the culprit. It had an intermit
tent junction , causing precisely the 
symptoms of a defective antenna. 

A little luck 
Where would we be, in our business, if 

we couldn't depend on a little bit of luck 
to step in once in a while. An RCA 
CTC53X that I serviced recently was a 
typical case in point, and if it wasn't for 
the lucky break that came along I might 
still be bent over that set, looking for the 
trouble. 

The picture was pulling very badly. I 
studied it for a while, stroking my chin, 
when I came up with a hunch. A similar 
chassis that I had serviced some years ago 
had a thermal condition, causing the pic
ture to pull much like this one was doing 
now, but only when it was well heated up. 



It took several trips to the shop to fix that 
one, it being cne of those nasty now-you
see-it-now-you-don't kind of repairs. In 
any case, it turned out, at least that time, 
to be the sync-separator transistor that 
was developing a leak. 

Now, w~th nothing more than my hunch 
to go on , I changed the transistor, hoping 
to save myself the trouble of hauling the 
set away, but it was not to be. With the new 
transistor in place the picture wiggled 
around as badly as before so the set had to 
go. 

On the bench, I put the scope to work. 
The sync output looked awful, with peaks 
and humps of video tearing into the sync 
level. The sync input looked just as bad. 
In fact, I went farther and farther back, 
looking for a clean signal, but couldn't 
find one. Even at the base of the first video 
amp, where one is accustomed to finding 
nice straight-edged sync tips, the video 
content was rolling up and down into the 
sync, making the whole thing look bent 
out of shape. 

What was going on here? The problem 
was not likely to be in the filter capacitors, 
but maybe it was in the AGC. With my 
voltmeter I went through the whole video/ 
AGC/sync strip, failing to turn anything 
up. They all checked out. After three 
hours of looking, I was still not sure of 
exactly what I was looking for. 

Through it all, I was noticing some
thing else besides the pulling. On some 
channels, not all, there appeared to be 
some strange-looking interference super
imposed over the picture. That inter
ference looked like an odd mixture of 
corona discharge-radiation, ignition 
noise, and barkhausen. What was more, 
when the antenna was removed, instead of 
the blank, snow-filled raster I had ex
pected to see, I was getting very dark 
waves of diagonal lines moving across the 
screen. 

Since I was getting nowhere looking for 
the pulling I decided to leave the antenna 
off and hunt for the interference instead. 
Find the cause of that, I thought, and I will 
find the other. With the scope, I began to 
poke around the video section, looking 
for signals, when suddenly, through the 
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FIG. 3-WHEN THE 180-kilohm resistor changed 
value, it caused the 680-ohm resistor to burn 
out, knocking out the horizontal oscillator. 

TP12 

26 IC501 

2NO VIDEO 
AMP --

FIG. 4-AFTER WEEKS OF TESTING, the loss of picture was finally traced to an erratic L 105. 

corner of my eye I saw a puff of smoke. I 
quickly yanked the plug. What did I do 
now, I wondered. Had I shorted some
thing out with the probe? I didn't think so, 
so I decided to try again. 

With the plug back in, I now found 
myself with no high voltage, ard the out
put tube began to glow red. Working in 
short steps, so as not to blow the tube, I 
found that the horizontal oscillator plate
voltage was missing. Now I knew where 
the smoke came from. A 680-ohm re
sistor, supplying B-plus voltage to the os
cillator/sync board was burned open. But 
the question of what had happened still 
remained. The ohmmeter told me that 
there was a low reading from the cold side 
of that resistor to ground. Checking fur
ther, I found what should have been a 180 
kilohm resistor that was now white ash. 
And where did that resistor go? Why, to 
the sync-separator collector! (See Fig. 3.) 

I can only guess at what had taken 
place. The 180-kilohm unit was probably 
arcing internally, accounting for the 
strange interference. With the antenna 
disconnected, hence no signal, the arcing 
and interference went into regeneration, 
causing the resistor to overheat badly until 
it finally caved in. One thing was certain, 
once it was replaced the picture straight
ened out perfectly. 

Why didn't the problem show up in my 
voltage checks? Was it really the removal 
of the antenna that sped things up? I'll 
never know. 

One big headache 
The grandaddy of the marathon inter

mittents has got to be the one I ran into in 
Gold Star model CR-820 that I came to 
know so well. It was brought to me having 
sound but no video--just a white raster. 
For several weeks, the customer told me, 
the video had been alternating between 
getting dull and then getting bright, 
flickering and flashing , until it finally 
went out altogether. 

Naturally, by the time I removed the 
back cover, turned on my equipment, 
spread out the schematic, and planned my 
attack, the picture jumped back in and 
stayed that way for the first couple of days. 
Nevertheless, I tucked the set into a cor
ner, belly up, and let it play whenever I 
was in the shop. 

I took as my first area of concentration 
TP12, which was dead center between the 
IClOI, which contained the first video 

amp and the IC carrying second video 
amp, IC501. I kept the scope probe hook
ed on and waited. 

For days, nothing. A slight flicker here, 
a flash there, contrast might drop a bit, but 
nothing to really sink my teeth in. One 
time I saw the picture fall off about 50 
percent, and the waveform do the same, 
but both quickly recovered. IC501 was a 
plug-in unit and easy to replace so I went 
for that one first. Even though it was past 
TP12 there was the chance that it was 
loading the signal down. 

I thought I had it. For days the set 
worked fine. I buttoned it up and prepared 
to call the customer to arrange for pick
up, only to see the flickering return the 
next time I tried it. So, it wasn't that IC. 
Perhaps it was the other. Belly up again, 
scope connected, the wait was on. Occa
sionally the symptoms turned up briefly, 
but whenever I moved the scope lead over 
to another point the picture would lock in 
place for the next couple of days . After 
two weeks of that, the picture finally 
reached a point where it settled down for 
good. 

It was time to let go, I thought. I would 
have the customer take the set home, live 
with it until such time when it would quit 
for good, and make it a little easier to 
repair. Meanwhile I clipped a memoran
dum to the schematic for future reference, 
reminding me that I had a feeling that the 
video was being lost somewhere between 
IClOl and IC501. What meager measure
ments I was able to come up with led to 
that conclusion. Between them, as shown 
in Fig. 4, were a small coil, a tuneable 
transformer, and TP12. 

The decision to call the customer hav
ing been made, I turned the set on for one 
last try. That's right-flickering and 
changes in contrast. In anticipation of 
that, I had soldered a tiny pigtail wire to 
the output of IC!Ol so that I would have 
something to hold onto with the scope 
probe. That done, I was ready for some 
more waiting. 

It took two more days before I saw the 
contrast drop appreciably. The scope pat
tern stood firm. As had happened so many 
times before, the moment I moved the 
probe the picture went solid. Once again, 
it stayed that way for days . 

It was the end of a long and exasperat
ing week. The set was playing well, the 
scope face steady and bright. I started to 

continued on page 77 
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HOBBY CORNER 

NOW THAT THERE ARE SE V ERAL T ELE

phone companies instead of just one with 
which to deal, there seems to be increased 
interest in how telephones work and how 
to work on them. You may want to do 
some extra reading on the subject. 

William Bass (SC) has asked how he 
can check his telephone equipment. Like 
many of us, William has bought his own 
phone since the "divestiture" of AT&T in 
January. He foresees a potential problem 
when he has a breakdown in service. That 
is , when the telephone company comes to 
repair his line, he gets a large service 
charge only to be told that the trouble is in 
his phone (which they don ' t repair). 

Well, it could happen just that way, and 
that would be embarrassing-to say 
nothing of the expense . Contrary to your 
suggestion William, we would not advise 
you to stick test equipment on the phone 
company's line . There is too great a 
chance that you will create a problem that 
is even worse than the one you already 
have. However, you can do the job without 
any test equipment at all. 

The way to go about it is to try another 
phone on your line. At present , you can 
buy a neat one-piece phone with a saddle
type holder for about $10. Not only does 
one of those phones make a good exten
sion; but with two in the ho.use , you can 
disconnect them one at a time and use it to 
see if the problem is in the line or the 

AN INVITATION 
To better meet your needs, "Hobby 

Corner" has undergone a change in 
direction. It has been changed to a 
question-and-answer form. You are in
vited to send us questions about gen
eral electronics and its applications. 
We'll do what we can to come up with 
an answer or, at least, suggest where 
you might find one. 

If you need a basic circuit for some 
purpose, or want to know how or why 
one works, let us know. We'll print 
those of greatest interest here in 
""Hobby Corner." Please keep in mind 
that we cannot become a circuit-de
sign service for esoteric applications; 
circuits must be as general and as 
simple as possible. Please address 
your correspondence to: 

Hobby Corner 
Radio-Electronics 
200 Park Ave. South 
New York, NY 10003 

Telephones and lines 
EARL "DOC" SAVAGE, HOBBY EDITOR 
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phone itself. It is highly unlikely that two 
of them would go bad at the same time , 
barring a lightning strike or something 
equally catastrophic. And even then, you 
could check against such a coincidence by 
disconnecting one of your phones and try
ing it out at a friend 's house . 

"Half" digits 
Along with others , Robert Reiter (NY) 

has asked about the "112" in display de
scriptions that say 3 1/2 or 4 Vz digits. That 
can be confusing, especially when you 
first run into it. However, it certainly does 
not mean that you literally have half of a 
digit. Let's look at an example. 

Say, for instance , that a 12-hour clock 
has four display modules as shown in Fig. 
1-a; the left-most digit never displays any
thing higher than a I. That is , it is either 
blank or !-never 2, 3, and so on. There
fore , that left digit need not contain all the 
normal segments . If the digit has only the 
two segments to make a 1, the clock is said 
to have a 3Vz-digit readout. The "Vz" sim
ply means that some of the segments of a 
digit are missing . Another example would 
be a digital meter; the left digit may be 
able to display + 1 and - 1 but no higher 
or lower number (Fig . 1-b). It, too, would 
be called a half digit. On the other hand, if 
the left position has all the segments (see 
Fig. 1-c) so that it could be used in a 24-
hour clock , for example , the clock has a 4 
digit readout. That's all there is to it . 

Measuring capacitance, inductance 
Every electronics hobbyist is sure to 

need some type oftest (measuring) instru-

FIG.1 

ment at one time or another. While, some 
of you may be satisfied with just a YOM, 
most of us have additional instruments 
and would like to have others. The more 
you are able to check and test and mea
sure , the more likely you are to end up 
with successful projects. 

Having a variety of test equipment does 
not guarantee success , but it does help. 
And that can save you a great deal of time, 
too. Few things are more frustrating than 
having a project fail because of a compo
nent that looks good but is open , shorted, 
or out of tolerance . It is good to be able to 
check components one by one whenever 
necessary. 

Test instruments can cost a bundle once 
you get beyond the basics. And if you are 
like me , you are attracted to instruments 
that have more than one use: It 's like kill
ing two birds with one stone, so to speak. 
That's why I am going to give one answer 
to two differeilt questions. 

Robert Blackwell (MD) wants to deter
mine the inductance of coils , and Winston 
Jones (GA) is looking for a way to mea
sure the value of capacitors . If my original 
-interest in electronics had not been in ra
dio , I might have recommended the tradi
tional instruments for such applications . 
However, why don't you guys use a Grid 
Dip Meter (GDM)? 

Not least among the many uses of that 
instrument is the measurement of induc
tance and capacitance. You are, of course, 
aware that when a capacitor and a coil are 
connected in parallel , they have a resonant 
frequency (fr). (That's how radios are 
tuned.) A GDM will enable you to mea-
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1 New for our readers .... A mailorder source of software for Atari 400, Atari 800, IBM P C, Commodore VIC-20, 1 
1 Apple II, and other personal computer systems. 1 

IBM PC 
0 FLIGHT SIMULATOR by Mi
crosoft ... List $49.95. Our price 
.. $43.00. Highly accurate sim

ulation olllight in a single-engine 
aircraft. Working instruments. 
Out the window graphics. Real
time flight conditions. (IBM P C, 
64k, color graphics, disc) 

0 EASYWRITER II by In
formation Unlimited ... List 
$350.00. Our price . 
$300.00. Turns your com
puter into a word 
processor. You see every
thing on the screen. There 
are no imbedded com
mands. (IBM P C, disc) 

0 DEADLINE by ln
locom ... List $49.95. 
Our price ... $43.00. A 
locked door. A dead 
man. You have 12 
hours to solve the mys
tery. One false move, 
and the killer strikes 
again. (IBM PC, 48k, 
disc) 

0 ALGEBRA, Vol. 1 by Edu
ware ... List $39.95. Our price 
. . . $34.00. A first year algebra 
tutorial covering definitions, 
number line operations, sets, 
etc. (IBM P C, 48k, color 
grpahics, disc) 

MICROCOM 

· .. 
" ;; 

' 

0 MICRO/TERMINAL by 
Microcom ... List $94.95. Our 
price .. $83.00. Allows ac
cess to remote mainframes 
and minis, information data 
banks, and other personal 
computers. (IBM P C, disc) 

0 PC TUTOR by Comprehen
sive Software ... List $79.95. 
Our price ... $69.00. Interactive 
program teaches you how to 
use your IBM Personal Com
puter, including hardware and 
software. (IBM PC, 64k, disc) 

PCTLITOR 

APPLE 
0 PRISONER2 by Interactive 
Fantasies ... List $32.95. Our 
price ... $28.00. Escape is 
hardly possible. The island 
keeps you under surveillance. 
Just try and get out! (Apple II , 
48k, disc) 
0 PRISONER2 by Interac
tive Fantasies ... List $39.95. 
Our price ... $34.00. (Atari 
disc) 

0 THE MASK OF THE SUN 
by Ultrasolt Inc ... List $39.95. 
Our price ... $34.00. An ani
mated adventure through a 
series of hi-res screens. An 
ultimate adventure challenge. 
(Apple II, 48k, disc) 

0 MASTERTYPE by Lighting 
Soltware ... List $39.95. Our 
price ... $34.00. A typing in
struction system in an exciting 
hi-res game format. Learn to 
type while battling waves of 
attacking enemy words. (Apple 
II , 48k/64k, disc) 

0 THE GRAPHICS MAGI
CIAN by Penguin Soltware . 
List $59.95. Our price . 
$53.00. Make your own ani
mated graphics. Handles up to 
32 independent objects. 
Stores hundreds ol color pic
tures. (Apple II , 48k, disc) 

0 RENDEZVOUS by Edu
ware ... List $39.95. Our price 
... $34.00. In lour phases, sim
ulates an actual space-shuttle 
flight from Earth Liltoff through 
Orbital Rendezvous and Ap
proach to Alignment Docking 
with a space station. Hi-rez 
graphics (Apple II , disc) 

0 SAT WORD ATTACK 
SKILLS by Eduware ... List 
$49.00. Our price .. $43.00. A 
tutorial lor mastering vocabu
lary, deciphering new or 
unfamiliar words, and taking 
tests. (Apple II, disc) 

Radio-Electronics Software Store 

200 Park Avenue South 

New York, NY 10003 

COMMODORE VIC-20 
0 PIPES by Creative Software 
... List $39.95. Our price . 
$34.00. Connect a pipeline 
lrom the water supply tank to 
every house. Watch out lor 
leaks. Use as little pipe as 
possible. 5 skill levels. (Com
modore VIC-20 cartridge) 

0 SHAMUS by Human En-
gineered Software ... List 
$39.94. Our price ... $34.00. 
0nly you can stop the Shad
ow's mad reign ol terror. Two 
levels with 20 rooms each. A 
joystick challenge. (Com
modore VIC-20 cartridge) 

0 HOUSEHOLD FINANCE 
by Creative Soltware ... List 

,;,;~--~~~ $17.95. Our price , .. $15.00. 
·-- Home utility program records 

and analyzes your monthly in-
9~4•1 come, expenses and budget in 

16 categories. (Commodore 
VIC-20 tape cassette) 

0 HOME OFFICE by Creative 
Software ... List $29.95. Our 
price ... $25.00. Combines 
VICPRO, a flexible and effi
cient word processor with 
VIC DATA a powerful and so
phisticated information storage 
and retrieval system. (Com
modore VIC-20, cassette tape, 
Bk additional memory required) 

ATARI 
0 SUBMARINE COM
MANDER by Thorn EMI ... List 

~fri<..W~:;tl $49.95. Our price ... $43.00. A 
submarine patrol simulator to 
hunt and destroy enemy ships. 
9 skill levels. Plug-in cartridge. 
(Atari Cartridge 400/800) 

APPLE 
0 MINER 2049 by MicroLab 
... List $39.95. Our price . 
$34.00. Chase into a Ura
nium mine thru 10 levels ol 
traps and capture Yukon 
Yohan. Scale ladders, jump 
lrom moving platforms, and 
win- il you can. (Apple II, 
48k, disc) 1 

Number ol items ordered D 
Total Price ol Soltware 

Name ____________________________________________ _ 

... ...... .... $ __ ~-- Address __________________________________________ __ 

Sales Tax (NY State Residents Must Include) 

Shipping ($2.00 per item) . City State IP ______ _ 

TOTAL ENCLOSED (Sorry, No COD's) .... $. _____ _ L SORRY - NO CREDIT CARD OR COD ORDERS 

--------------------------------------------------



CONTENTS 
Vol.1 No.3 July 1984 

6 The Sinclair QL 
Can Sinclair's QL do for the office what his ZX80 personal computer 
did for the home? Find out what the QL has to offer. Marc Stern 

8 Printer Buffers 
Don't waste your time printing a document! You can put your 
computer back to work while your document is printing. 
Herb Friedman 

11 PC: "Personal Communications" 
You can open the window on the world to your personal computer. 
All it takes is a modem and the proper software. The emphasis on 
this article is E-mail. Herb Friedman 

4 Editorial 

15 Computer Products 

ON THE COVER 
Sinclair started many revolutions: He was first with pocket 
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Sinclair 1000. He is trying to start a new revolution with the Sinclair 
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ROM-resident SuperBASIC is standard as well. We'll take a look at 
the machine in detail, starting on page 5. 
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EDITORIAL 

WHY DO YOU READ? 

•Most of us read so that we can learn. When we find an article in a 
magazine that interests us, we read it in the hope that we'll pick up a bit of 
information that we didn't have before. Naturally, we have to be particular 
about what we want to learn about-we can't spend our entire lives 
reading. So we select those magazines that deal directly with our own 
specific fields of interest. Since we cannot read everythmg, 1t becomes 
important that we be selective about who our "teachers" are. 

As we all know there are a great many computer-oriented magazines 
available. Almo'st everybody that owns a computer gets a "great" idea for a 
new computer magazine, and thinks it's the best thing to come down the 
pike since the invention of sliced bread. Some of those 1deas are mdeed 
worthy Some of the magazines that result will actually last. And some w1ll 
soon fall by the wayside. How do you select which ones to read? 

One of the tests that you can apply, is to look at what magazine editors call 
a "masthead." That's where they list the names of the people responsible for 
the publication you are reading. We're rather proud of our masthead, from 
the publisher right through all of the staff. Those people have been 1n . 
electronics publishing almost since they learned to wnte, have worked the1r 
way, through the ranks, to the positions they now hold---accumulating years 
of experience in computers and electronics in the process. 

The people who actually write our articles are also experts. (Many of the 
names, you'll notice, are not new.) They've been writing for many years, and 
most of our writers are employed in responsible pos1t1ons at some of the 
top companies in the computer field . They know what they're talking about, 
and have learned how to communicate that information in the written word. 

What I'm trying to tell you is that ComputerDigest is a professionally
developed publication; it's written, edited, and published by professionals 
for you. We want you to get the most out of it. All you have to do IS read 1t! 
And by all means, let us know what you think. 

4 ComputerDigest- JULY 1984 

BYRON G. WELS 
EDITOR 

CDMi'UiEii 
DIGESi 
Hugo Gernsback (1884-1967) 

founder 
M. Harvey Gernsback, editor-in-

chief 
Larry Steckler, CET, publisher 
Art Kleiman, editorial director 
Byron G. Wels, editor 
Brian c. Fenton, technical editor 
Carl ~ron, associate editor 
Robert A. Young, assistant editor 
Ruby M. Yee, production manager 
Robert A. w. Lowndes, production 

associate 
Dianne Osias, production 

assistant 
Joan Roman, circulation director 
Arline R. Fishman, 

advertising coordinator 

Gernsback Publications, Inc. 
200 Park Ave. South 
New York, NY 10003 
Chairman of the Board: 

M. Harvey Gernsback 
President: Larry Steckler 

ADVERTISING SALES 212-777-6400. 
Larry Steckler 
Publisher 

EAST/SOUTHEAST 
Stanley Levitan 
Radio-Electronics 
200 Park Ave. South 
New York, NY 10003. 
212-777-6400 

MIDWEST/Texas/Arkansas/Okla. 
Ralph Bergen 
Radio-Electronics 
540 Frontage Road-Suite 325 
Northfield, Illinois 60093 
312-446-1444 

PACIFIC COAST 
Mountain States 
Marvin Green 
Radio-Electronics 
15335 Morrison St., Suite 227, 
Sherman Oaks, CA 91403 
818-986-2001 



•In the modern world of electronics and 
microcomputers there are a number of innovators and 
inventors who keep developing ideas that 
revolutionize the industry. One of those innovators, 
whose contributions wil l continue to be felt for years is 
Clive Sinclair. In the early 1970's, he took advantage of 
the four-bit microcomputer technology that was then 
coming to the fore and developed the first pocket 
calculator. If that were not enough, later in the 1970's, 
he was credited with developing the first miniature, 
flat-screen television set. 

In 1981, Sinclair, ever the innovator, apparently looked 
at how far the cost of the microprocessor had fallen 
and decided the time was ripe for a low-cost personal 
computer. Thus, the ZXBO was born-the first 
computer under $200. By using a membrane keyboard, 
plastic case, and a very compact operating system, the 
price of the computer could be kept down. Sinclair's 
next machine, the ZX81 could be sold for even less-it 
was the first $100 computer. One of the reasons that it 
could be sold so cheaply was that it contained only 
four IC's- the Z80 microprocessor, a 2K RNIIIC, the 8K 
operating system, and a custom IC that took the place 
of 14 TTL IC's that were in the ZXBO. 

Other companies soon realized the potential market 
for low-priced computers. Commodore Business 
Machines, Texas Instruments, Atari and a host of other 
companies all began to produce machines that 
eventually brought true computing power to home 
users at well below $200 in cost. 

By the end of 1982 and into 1983, the battle in the 
home computer marketplace became so intense that 
most of the major manufacturers involved in the dog
fight fell by the wayside and pulled out of the 
business. Texas Instruments dropped out, as did Mattei 
Electronics, and Atari suffered major reverses. Even 
Timex (which had taken over the distribution of the 
ZX81 in the U.S.) pulled out, leaving the field to 
Commodore and Radio Shack. 

Despite that, Sinclair proved his point: He showed 
that microcomputers could be low-cost devices and 
provide average people with real computing power. 

Sinclair does it again 
Now that 1984 is half over, it looks as if Sinclair has 

done it again, but this time in a higher part of the 
computer spectrum, the desktop segment. Sinclair 
Research Ltd. (50 Staniford Street, Boston, MA 02114) 
has developed a home/business microcomputer-the 
Sinclair QL (Quantum Leap) shown in Fig. 1. The 
machine includes two breakthroughs in the less
than-$500 category. 

The first breakthrough in this $499 small system is its 
microprocessor: a member of the powerful Motorola 
MC-68000 series with its 32-bit internal architecture. 
The second breakthrough in the less-than-$500 
category is the use of integrated software. The QL is 
supplied with a word-processing a spreadsheet, 
database, and graphics programs. We'll look more 
closely at the software in a few minutes, but right now 
let's look at what's inside the QL. 

The 
Sinclair 
QL 

Sinclair started a revolution with his low
priced ZXBO and ZX81 computer. Will his 
new Sinclair QL have a similar effect on 

the business-computer market? 

MARC STERN 

FIG.I-THE NEW SINCLAIR QL: at just $499, a "quantum" 
leap in computing performance and designed tor the serious 
home, business or educational user. 

The MC-68008 microprocessor 
After all the media attention given to the Apple 

Macintosh microcomputer, you've doubtless heard of 
the MC-68000 microprocessor. But you probably 
haven't heard about its variants, which include the 
68008. 

The 68008 is a 16-bit microprocessor with an 8-bit 
data bus. Why did Sincl9ir go with that device? Most 
likely because it is cost effective. It has the benefits of a 
32-bit internal architecture. But because of its 8-bit data 
bus, you can use byte-wide memories and peripherals. 
Bus multiplexing is not necessary, as it is with some 16-
bit microprocessors. All those factors help to reduce 
the cost of a system. The memory-addressing capacity 
of the 68008 is 1 megabyte. 

The hardware 
One of the most impressive features of the QL is its 

size. That a computer this powerful can fit in a 53fs by 
1% by 18%-inch unit that w eighs about 3 pounds is 
amazing. 

Sitting on the QL system board are four Sinclair
designed semi-custom ICs, as well as the 
microprocessor itself. The first IC, dual-sourced by 
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Plessey and Synertek, controls the display and memory; 
the second, dual-sourced by NCR and Synertek, 
controls other major system-level functions including 
the Sinclair Microdrive tape-storage units, local area 
network and RS-232C transmission, and the third and 
fourth, made by Ferranti, provide analog functions 
required by the Microdrives. 

Standard in the QL is 128K of RAM, which is 
expandable externally to 640K via a plug-in cartridge 
available from Sinclair. As shown in Fig. 2, the cartridge 
plugs in at the left-hand side of the 65-key keyboard. 

The keyboard features five special-function keys, as 
well as separate cursor-control keys. One drawback a 
user may find is the lack of a separate numeric keypad 
on the QL, you must use the number keys at the top of 
the keyboard. The Microdrives are found at the far right 
of the keyboard. 

FIG.2-THE NEW SINCLAIR QL shown with a prototype of the 
forthcoming QL 0.5megabyte RAM pack, connected via the 
QL's internal expansion slot. 

The QL provides two built-in Microdrive units for 
mass storage. Those tape drives are similar in concept 
to the tape storage units used in other systems such as 
the Coleco Adam. Each tiny tape that is inserted into 
t~e drive unit-as shown in Fig. 3- has a storage 
capacity of 100K. Those read-w rite drives have an 
access time of 3.5 seconds and a program-loading rate 
of up to 15 kilobytes-per-second. That's not nearly as 
fast as a disk drive, but it's a great improvement over . 
cassette-tape storage. 

The QL comes w ith a ROM-resident version of the 
BASIC programming language called Sinclair 
SuperBASIC, as well as the QDOS tape-operating 
system. It is all contained in 32K of ROM. 
Howeve~ this isn't all that you will find in the QL 

system. The QL also uses a second processor--the 
Intel 8048-to handle keyboard 1/0, sound, RS-232C 
reception and real -time c lock functions. The inclusion 
of the second processor means that the 68008 doesn't 
have to handle housekeeping chores, as well as data
crunching and can thus devote its full capability to 
handling data. 

The QL's video display capabil ities are as good as 
many higher-cost microcomputers on the market. It 
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features built-in high-resolution graphics capability-
512 by 256 pixels in eight colors-and allows the user 
the flexibility of employing either a dedicated color or 
monochrome monitor or a home television set. Part of 
the QL's memory serves as dedicated video RAM: 32K 

l ,:O< 

FIG.3-INSERTING THE MICRODRIVE cartridge in the Sin- , 
clair QL. 

(about 8 pages) of memory, are dedicated to video 
memory locations. That means that each point on the 
screen is addressable and has a corresponding 
location in memory so it can be instantly updated or 
manipulated by an applications program. The QL 
normally displays the industry-standard 80 columns by 
25 lines on a dedicated monitor and it offers you a 
choice of character sets. When it is used w ith a 
television set, its display is 40 to 60 columns, 
depending on the software used. 

The preceding feature shows the impact the QL is 
likely to have on the computer market. Like its little 
relative, the ZX81 that is sti ll being offered by Sinclai~ it 
will prove to computer users that a computer doesn't 
necessarily have to cost a bundle to be a "real " device 
and not a toy The ZX81 showed it in the low-end of 
the market, while the QL w ill show it in the desktop 
arena. 

The QL also contains nine peripheral/expansion 
ports. They inc lude one internal expansion port; one 
microdrive expansion port; a ROM cartridge port; two 
ports which can be equipped to handle serial 
interfaces; a local area network port, and two joystick 
ports. Also included is an RGB-output port and the RF 
(N) output. 

The software 
As was noted earli e~ the QL is aimed at the business 

or home user with sophisticated needs and comes 
with a standard set of integrated programs that w ere 
developed over a period of 18 months by Psion. The 
applications include comprehensive word-processing, 
planning, information handling, and graphics capability 
that are integrated in style, structure, design and in the 
sharing of information. 

The appl ications-QL Quill; QL Abacus; QL Archive, 
and QL Easel- all run under the QDOS operating 
system that is built into the system's ROM. QDOS, 
developed by Sincla i~ has a number of features that are 



only available on a microprocessor as advanced as the 
68000 series. For instance, because it is capable of 
handling a great deal of data very quickly-depending 
on the timing and system resource sharing 
requirements-it can have two or more applications 
resident at one time, although only on~ of them can be 
active at any moment ( it's still a single-user system, after 
all). That allows you to have a degree of multitasking 
capability (handling two tasks at nearly the same time). 
For instance, let's say you were receiving a file upload 
from another QL user, while you were processing text. 
Because the system is so capable, you could halt the 
word-processing program, bring up the file transfer 
program, and begin the transfer. Then, you could go 
back to your text-processing program as the file was 
transferred in the background and you could continue 
working. O r, you could just leave the file-transfer 
program up in the background and another user could 
call you and leave the file while you were doing 
something else. 

As in everything, though, there is a catch and that is 
the more you ask the system to do, the more RAM. you 
need and thus it's quite likely, although the compqny 
doesn't indicate this, that you need the full 
complement of RAM. for the QL (640K). That is because 
multitasking-even for a single-user is still a memory
hungry function. The resident programs and the data 
that might be manipulated, input or output, all require 
their fair share of RAM.. 

OPOS also contains a time-sliced priority job 
scheduler, as well as display handling for multiple 
screen windows (here's where the dedicated video 
RAM. becomes especially important because you can 
manipulate it separately and it shouldn't detract from 
the overhead needed by other functions). Finally, 
because of the nature of the operating system and the 
QL, QDOS provides device-independent input and 
output. 

Also contained w ithin ROM is Sinclair SuperBASIC, a 
good implementation of the standard programming 
language. It features procedure structuring; · 
extendability, inc luding syntax; a clean machine-code 
interface; equal capability for strings and arrays; a full
screen editor, and full error-hand ling facilities. Since it is 
an interpreted, rather than a compiled language- the 
system must interpret the source code before it can be 
used- it tends to be slower than a compiled language, 
w hich is w ritten d irectly to machine code through a 
compiler routine. However, interpretation speed is 
independent of the size of the program, so you have 
fairly fast p rogram execution. Finally, as in other 
advanced implementations of BASIC, the operating
system facilit ies are accessib le from BASIC. 

As for the rest of the software available which 
operates under QDOS, the key tenet is usability The 
software has been designed to make the word
processing, spreadsheet, database and graphics 
capabilities available and usable by people w ith no 
prior training. 

That has been achieved by using several interesting 
concepts: pyramidal; "do-and -see," and "inform and 
decide." The pyramidal structure of the software takes 

you directly to the most commonly used facilities. It 
enables even the most inexperienced person to 
perform useful tasks immediately And, as you become 
more experienced with the software, you can make the 
software do more things. 

At all times, the software is "do-and-see." In other 
words, it takes a totally interactive approach and the 
vis1..1al effect is immediately displayed in the video 
device. For example, the screen always shows exactly 
what w il l be output to a printer or plotter. There are no 
special control characters needed to indicate various 
type fonts. Instead, the type font itself is shown. In 
other programs, the only indication of a cha[lge in 
typeface is a special screen symbol. 

Finally, the software is self-documented. 
Throughout the programs, comprehensive 

information on the current status and on available 
actions are displayed. Continuous prompting is 
directed at the current action being pursued. In 
addition, a comprehensive help function is available in 
all the packages at all times. 

The integrated software package allows you full text
processing capability, as well as spreadsheet 
functional ity Further, it allows you to create and 
manipulate data in a database and it allows you to 
combine all of the data created i[lto a graphics d isplay 

What d oes that mean? Suppose you had a report 
you had to file that needed inputs from a text
processing program; as well as financial data, and other 
information contained in a database. With an integrated 
program, you can integrate the text with spreadsheet 
financial information and d(ltabase data into a final 
report and you can also integrate the graphics you 
need to complete it. Then, if you decide to change 
something, the report is automatically updated . Isn't it a 
nice feature? That means you don't need filtration 
programs and programs that make one data file · 
compatible w ith a second or third program and it 
makes your operation more efficient. 

The key to this functionality is a common file 
structure that allows data created under one program 
to be used by another, which the QL software does. 

The future 

As you can see from the foregoing, the Sinclair QL is 
a powerful machine and it show s that you needn't pay 
a high price for a high performance machine. That is 
just w hat the ZX81 did and it's quite likely that is w hat 
this new machine w ill mean. 

The inexpensive p ricetag shatters the mystique of the 
computer marketplace w here a high p rice was equated 
w ith qual ity and functionality The QL, w ith its 
advanced microprocessor, gr(lphics capability and 
advaf'!ced software, has both quality and functionality, 
but in a price that is lower than $500. And, it offers 
users one feature that is a costly add-on in many 
systems, the ability to t ie into a Local Area Network or 
LAN. The LAN has been touted as the gateway to 
information sharing in the electronic office ofthe future 
and it shows that Sinclair's thinking is on that office. [1e 
aims at giving people a quality alternative for a 
reasonable price.~CD ... 
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PRINTING-BUFFERS 
No, you don't have to sit there and glare balefully at your computer 
while you wait impatiently for the printer to play "catch-up. " 

HERB FRIEDMAN 

•Pithy sayings and cliches are endemic to all aspects of 
life and we have our share of them in electronics. The 
raC:Jio amateurs have "If you can't hear 'em you can't 
work 'em." Generations of hi-fi enthusiasts have had 
"The system is only as good as the weakest link" 
drummed into their ears for years. Computerists have "A 
computer is only as fast as the slowest peripheral." 

Among the very slowest of peripherals is the printer. 
While the computer is all set to zip through a 
monstrous database in seconds, the printer is putting it 
all on paper a letter at a time, tick, tick, tick .... .... tick. 
And during the time when the printer is doing its 
tick ... tick, .. tick, the computer sits idle, waiting for the 
printer to stop. 

Depending on the printer's inherent speed, the idle 
time can be enormous. For example, consider a 3000-
word document, which represents 12 pages of text, 25 
lines-per-page, 60 characters-per-line-the defacto 
standard American business format. One of the 
modern competitively-priced matrix printers can zip 
along at about 80-120 characters-per-second. This 
sounds like Superman speed, but first, to create 
enhanced characters the speed is cut approximately in 
half, so at best we have 60 characters-per-second, 
which is 10 words, or one full line of print per second. 
Exclusive of paper feed or changes, JOOO words will 
take a minimum of 5 minutes to print. Not bad, you 
could most likely wait 5 minutes to use the computer. 

But you don't want your letters to appear 
computerized by having matrix characters, so you use a 
letter-qual ity daisy wheel printer. A competitively 
priced daisy printer delivers about 12 characters-per
second. Now we have a whole new ballgame as they 
say At 12 characters-per-second, not even allowing for 
changing the paper or the slower carriage returns and 
linefeeds it will take 25 minutes to print 3000 words, 
and that's a lot of time for a computer to be out of 
service just to print a document. 

The spooler 
One of the earliest schemes to free the computer 

from serving as a storage bin for the printer was 
something called a spooler, spooler being an acronym 
for "Simultaneous Peripheral Operation On-Line," which 
in plain language means that disk drives and printers 
can be operational w hile a program in memory is 
active with some other function. For example, the 
spooler might be printing your thesis on perpetual 
motion while you're composing a letter to the local 
utility complaining about an electric bill for $1000 
during the month you were away on vacation. 
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FIG. 1-THERE ARE AS MANY spooler software versions as 
there are word proccessors. Most of them wor~ this way. 

While there are probably as many versions of spooler 
software as there are word processors, they all more or 
less work as shown in Fig. 1. The spooler loads itself 
into high memory When the computer "looks up" at 
the top of memory it sees not the actual top of RANI 
but the bottom of the spooler. A ssuming the computer 
has 64K RANI, if the spooler requires 10K the computer 
has only 54K RANI available for the user and the 
computer "sees" 54K as being the top of RANI. 

The spooler functions as a pass-thru for b locks of 
data from the disk to the printer. If the keyboard is 
activated it takes preference: the spooler holds off 
calling for a block of information and the computer 
functions normally; the user can then utilize user RANI 
for just about anything else. 

Programs or functions in the user RANI are said to be 
in the foresround; the spooler function is said to be in 
he backsround. Only when the foreground is inactive is 
the background permitted to operate. Actually, 
because of the small buffer usually built into the printe~ 

and a small buffer of perhaps less than 1K in the 
spooler (or even'larger), the user rarely realizes it's all 
happening in fits and starts. With a w ell -written spooler 
it's almost impossible to detect any interruption in the 
printer's throughput even though activating the 
keyboard might delay the spooler by as much as three 
seconds. 

Spooling is sometimes built into word processing 
software so the user doesn't have to twiddle his or her 
thumbs waiting for the printer to finish. With a software 
spooler the printer goes it's merry way----as slow as it 
wants-while the user powertypes through another 
document. The only thing the user cannot do is access 
the disk system while the spooler is active. That is not a 
problem if you're using the foreground to build a 



spreadsheet for disk storage after the background 
spooling is finished, or if you plan to use only non-disk 
functions until the printing is finished. But, if your 
foreground task involves the disk system, something's 
got to give. If you're boilerplating a document and the 
pre-written paragraphs are going to come from disk, 
the foreground and background tasks are usually going 
to be mutually exclusive. The few spoolers that can 
time-share the disk system generally take up so much 
R.ANI there's little remaining for the foreground task. So 
there must always be a compromise of sorts as long as 
the spooling is done through software. 

Hardware spoolers-the printer buffer 
When there's no room for compromise, when you 

want to print and yet have full access to the disk 
system, you must totally divorce the printing function 
from the computer. That is done with a hardware 
spooler, an electronic device usually called a "printer 
buffer," or a "printer controller," or a "printer optimizer." 
To avoid confusion, we'll refer to all of the hardware 
devices as a printer buffer regardless of what it's called 
by the manufacturer. 

The basic concept of a printer buffer is a 4-terminal 
black box full of R.ANI (memory) which is controlled by 
its own internal CPU (CentraiA'ocessing Unit). Two 
input wires connect to the output printer port of the 
computer, the remaining two output wires connect to 

RAM 

DISK 

BUFFER 
RAM 

FIG. 2-BLOCK DIAGRAM SHOWS the physical arrangement 
and interconnections of the printer buffer. 

the input of the printer. The physical arrangement is 
shown in Fig. 2. The internal structure of the buffer is 
such that, to the computer, it appears to be a printer, 
while to the printer the buffer appears to be the 
computer. 

When the computer is given the command to PRINT, 
it dumps to the buffer, filling the buffer's R.ANI with a 
mirror image of the signals intended for the printer. 
Understand this point very clearly: The buffer does not 
receive a mirror image of the computer's R.ANI; rather, it 
receives what is intended for the printer. The data 
stored in the computer's R.ANI is what determines the 
signals sent to the printer, but it is not necessarily the 
same. 

Generally, the buffer outputs immediately to the 
printer, which thinks it's getting data from the computer. 
In a matter of seconds-the precise time depending 
on the amount of data to be transferred from the 
computer to the buffer-the computer has completed 
its dump and is free for any other use. The printer 
chugs along doing its own thing at its own speed using 
the data from the buffer; it no longer has any effect on 

the computer. 
Now it's entirely possible that the data in the 

computer exceeds the R.ANI avai lable in the buffer; you 
could have a buffer with 16K R.ANI while your 
document takes up 18K in the computer. In this 
instance, the buffer busies-out the computer until there 
is free R.ANI available in the buffer. 

It works this way: As shown in Fig. 3, when the 
buffer's R.ANI is full, the buffer sends a "busy" signal 
back to the computer through the handshake 
connection in exactly the same w ay as the printer 
would stop output from the computer. The memory in 
the buffer is arranged in an overwrite stack, that is, it 
fills from memory location 0000 and transmits to the 
printer from 0000. As data in R.ANI is sent to the printer, 
the R.ANI is considered empty and available for new 
data. After a predetermined block of R.ANI is free the 
busy signal to the computer is lifted and the free R.ANI 
is loaded with fresh data. As soon as the buffer's R.ANI 
is full the computer is busied-out until another b lock of 
free R.ANI is available for data storage. Meanwhile, the 
buffer's CPU is working its way through the stack. When 
it gets to address 16K it returns to 0000 and sends the 
new data, once again moving down the stack through 
the fresh data. Again, when a sufficiently large block of 
R.ANI is cleared, the busy is lifted and the computer fi lls 
the free R.ANI. 

FROM 
COMPUTER 

,._.._,...J~B:..:U.;,.;FF~ER RAM 
0000 

RAM 
READ 
SELECTION 

I 
I 
I 
I .. 

CPU I 
I 

I L _ _ ___ j I 
L ___ -+- _____ _j 

·BUSY OR 
HANDSHAKE TO 

PRINTER BUSY TO BUFFER OUTPUT 

COMPUTER 
FROM BUFFER RAM " 

FIG. 3-WHEN THE BUFFER'S RAM IS FULL, the handshake 
connection sends a "busy" signal back to the computer. 

When the computer dumps the remainder of its 
data, it is free for another purpose even though the 
buffer is stil l feeding the printer. So as you see, when 
the data in the computer's RNA exceeds the capacity 
of the buffer's R.ANI it might take somewhat longer than 
a few seconds to free the computer, but it won't be 
much longer. Using our previous il lustration of 18K of 
computer data with a 16K buffer, we have 2K of data 
that cannot be be accommodated by the buffer in the 
initial "fill." The printer runs at, say, 60-bps (bytes per 
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second). It will take, therefore, an additional 33 
seconds for the buffer to release the computer. 
Actually, 33 seconds is a "nominal value" because the 
printing commer)ces the instant the buffer's RAM starts 
to fill, the printer doesn't wait for the RAM to fill. On 
the other hand, a buffer generally makes its free RAM 
available to the computer in blocks: it might well 
accept output from the computer when the first "page" 
of 256 bytes is free, or 512 bytes,or 1024 bytes, or 
whatever it's qesigned to accept as a block of data. 

That is really a worst-case scenario because rarely 
does the computer's stored data exceed the buffer's 
RAM. In general, few documents exceed 12K bytes, the 
equivalent of 8 pages of double spaced text at 250 
words-per-page. Those who consistently work with 
larger documents will not use a 16K buffer. More likely, 
they will use a 64K buffer, which exceeds the total user
available RAM of an 8-bit computer. (In this instance 
"user-available" means the RAM not used for the 
computer's operating system and the foreground 
program.) For example, one of the popular word 
processors for 64K computers leaves slightly less than 
jOK available for text storage, so the most the buffer 
will have to accommodate is 30K of data. 

A P~INTER BUFFER, the Microbuffer is from Practical Pe
ripherals (31245 La Baya Drive, Westlake Vipage, CA 913()3). 

The second computer. 
Though we speak in terms of data in and data out 

when discussing a printing buffer, in actual fact the 
device is really a somewhat specialized computer, and 
once something is a computer it's possible to create 
many diverse functions. The simplest, least expensive 
buffers serve primarily as RAM storage devices- what 
flows in flows out unmodified in any way But the same 
internal "computer" that handles the data flow can also 
do things like character and string conversions. For · 
example, assume you are using a Radio Shack Model 4 
computer. This creates a beaut of a problem because 
Radio Shack's own software assumes a printer that does 
an automatic carriage return after a linefeed, so Radio 
Shack's software does not transmit a carriage return 
after a linefeed. On the other hand, most standard CP/ 
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M software that will run on the Model 4 transmits a line 
feed after a carriage return. Because of the automatic 
linefeed of the printer you now have two linefeeds 
when you want just one. You could probably 
reprogram the internal switches of the printer each time 
you changed operating systems (usually requiring some 
disassembly of'the printer), but an easier way is to 
simply program the buffer (through a keypad) to 
convert ASCII code 13 (CR) + 10 (LF) to just 13 (CR). 
The buffer will now straighten out the carriage returns 
and linefeeds. Each time it comes to a CR + LF 
command in its own RAM it will output only CR. 

Some buffers can also memorize a string of · 
characters, substituting them for a single symbol. For 
exaiT!ple, an intelligent buffer can be programmed so a 
single "#" character in a document causes a complete 
letterhead to print. In effect, # equals: SuperAtenna 
Repair Co., 12 Howling Wind Rd., Windy City, NH. 

When you can't afford to keep your computer tied 
up just running the printer, or you need some oddball 
character and string conversions, the easiest way to do 
the job is most likely to be a printer buffer. 

Printer buffers come in all sizes, shapes, and prices 
that range from about $200 to well over $500 The 
lowest cost models are esentially RAM storage devices 
of 16K intended for parqllel Centronics-compatible 
input/output ports. Those models can generally be 
expanded to at least 64K, possibly even 128K or 256K. 
Approximately $100 more buys a model with RS-232C 
serial 1/0. For $250 you can get a buffer with 64K of 
RAM that might have a few extra functions such as a 
few character conversions, or repeat copy printing 
from one fill. ' 
, At $500 and higher you get full-blown computers 
that happen to function as a printer buffer. Generally, 
they hqve 64K of RAM which is expandable to 128K. 
They will do multiple character or string conversions, 
store macros of substantial length, merge stock text 
with mailing address input, directly drive more thqn 
one printe( convert from serial to parallel 1/0 or vice 
versa, provide two or three printer outputs for a single 
input....the list of special functions is seemingly endless. 

No buffer that we have seen, regardless of prio:;, has 
all the functions of every other printing buffer. No 
matter how sophisticated a buffer might be, if it hasn't 
got the one single feature that's important to you it's not 
worth the money If you work with large documents 
then you need at least 64K of RAM, that's important. If 
you have several printers with different printer codes 
maybe a buffer that does extensive conversions is what 
you need. If you do a lot of form letter mqiling, a ' 
highlight feature for the printer buffer you need might 
be extensive (and long) macros or the ability to stack 
texts so they print one after the other in perfect 
sequence. 

For personal computers, printer buffers are still in the 
introductory stage, so advertisements vie for your 
attention with endless lists of functions and features. A 
good ru le of thumb to use when considering a printer 
buffer is: "If the function or feature isn't clearly listed
if it's imp lied or assumed-it probably doesn't have 
it."~(D .... 



PC• 11PERSONAL 
. . + COMMUNICATIONS'' 

Your computer's window on the world 

•The concept of "personal communications" as 
applied to personal computers changes so frequently 
that it's most difficult to keep up with "what's new" 
both in terms of services and the software needed to 
access the services. 

Often, what's new and exciting is not what's efficient 
and practical but what is fashionable. For example, 
many of the very same magazines that run "in depth" 
articles on how to join the revolution in on-line 
compllter services get their ~uthor's articles on 
"hardcopy," hardcopy being technese for a typewritten 
sheets. Others, which claim to be computerized, 
actually request their authors supply the article on a 
disk specifically formatted for a particular computer 
that uses one particular kif!d of word processor, usually 
WordS tar. 

On the other hand, Radio-Electronics, which is a 
general electronics publication, has been truly 
computerized almost from the earliest days of personal 
computing. R-E gets its columns and features by 
computer to computer transfer; the hardcopy serves 
only as a reference backup. Better still, an author can 
dial-up R-E and dump the maJluscript using any 
preferred word processing program, not just WordStar. 
Standard, generally-available communications software 
at R-E automatically modifies the author's upload for 
R-E's preferred word processor. For example, my files 
are created with TYPIT, which puts a carriage return 
after every line in the format that I use for ASCII text 
transfer. R-E's communications software strips off the 
linefeeds before they ever get to the storage disk. 

Until very recently, that kind of data exchange 
represented typical personal computer 
communications: Hobbyists exchanged data and 
programs (let's be honest and call it "pirating" 
programs), businesses got information from field offices 
and salespersons, and college students did their 
computer work from their dormitories (in those schools 
with all enlightened administration). However, since 
personal computers became just another appliance 
found in many households there has beeJl a dramatic 
shift in the type and kind of personal commu[lications 
and the required software. 

The communications package. 
Today, the fashionabl~ use for personal computer 

communications is to access the on-line information 
services, and much of the communications software
what is ca lled the "communications package"-is 
specifically tailored to access these services. 

HERB FRIEDMAJI.I 
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MODI;:RN communications software, even least 
expensive, permits customization of · program variables: ~:>f 
TELCOM2, pne of the most po\Yerful but least expensive pack
ages. 

For those of you not familiar w ith the term on-line, it 
original ly meant equipment and/or software ready for 
immediate use. By logical extension to personal 
computing, it means an information service or network 
which can be accessed by a personal computer 
through the dial-up telephone system. All that's needed 
for on-line access of an information service is a 
personal computer, a modem, and a software package 
that programs the computer to emulate a "smart 
terminal." 

A smart terminal is one that can store (download) 
incoming data and transmit (upload) its own tape or 
disk fi les, or data stored in its memory This contrasts 
with a "dumb terminal," which is only a keyboard and 
display, or a computer that emulates only a keyboard 
and a display 

While a dumb terminal can also access computers 
and on-line information services it cannot store . 
incoming data, nor can it upload its data. As fast as the 
incoming information scrolls off the sreen it's gone 
unless fed to a printer. The dumb terminal is simply not 
adequate for modern on-line or personal 
communications use, so we will ignore it from here on; 
we limit our discussion to smart terminals-a full 
blown computer that also functions for 
communications. 

Dial-up on-line information services-the Source and 
CompuServe being the best known-have been with 
us from the early days of personal computing. Today, 
we also have the Dow Jones News Service for the Wall 
Street gamblers, even more special ized services for 
farmers, information networks only for those with IBM 
computers, and ... .you name it. If someone thinks 
people will pay money for information of any kind they 
start up an on-line information service. 
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THE CHARACTER TRANSLATION TABLE has characters 
specified in decimal ASCII and converts outgoing CONTROL
C (3), < (60), and > (62) to CONTROL-E (5), (91), and (93). 

Most communications software provide for easy 
access to the information services through extensive 
macros, a macro being a complete "message" 
transmitted by touching only a single key For example, 
a macro will transmit the telephone number of an on
line information service (assuming use of an auto-dial 
modem) and wait to receive the required prompt. On 
receipt of the prompt, the computer then transmits the 
required response ... and repeats this first-you-then-me 
exchange several times until the local computer is 
linked and signed into the information service. 

If the software is to be used for several on-line 
services employing different operating codes (called 
protocols), many communications software packages 
also provide for automatic translation of transmitted or 
received ASCII characters. For example, assume that 
many of the on-line services you access require a 
CONTROL-( to "bail out," but one service requires a 
CONTROL-E, and you never can seem to remember the 
one which is not CONTROL-C. If you have a 
communications package such as TELCOM (Mumford 
Micro Systems, Box 400 Summerland, CA 9306 7) or 
OMNITERM (Lindbergh Systems, 49 Beechmont St., 
Worchester, MA 01609), you can create a special 
version that will automatically translate a CONTROL-( to 
a CONTROL-E. In this way you always use a 
standardized keyboard entry which the computer 
translates to the correct characters for the remote 
computer or information service. 

Introducing E-mail. 

In the past year or so there has been a considerable 
change in the use of personal computers for both on
line information services and what is called E-MAIL 
(Electronic Mail). The use of those services is increasing 
at such a rapid rate that software is now being tailored 
more toward specific on-line/E-Mail use than for the 
kind of conventional data and program exchange of the 
early users of personal computers. 

First, popular access to on-line services is no longer 
primarily for entertainment after prime time when on
line information service rates are lowest. Many on-line 
services cater to business users and access to the 
service must be at the touch of a button; no one has 
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time to waste dialing, then punching in strings of 
access codes, and finally flipping through a menu. So 
the most modern communications software provides 
for extended macros; one key dials the service, handles 
the sign-on protocols, and goes directly to the desired 
information area of the host computer. True, many older 
programs had this feature, but the most recent software 
has macro sign on and automatic E-Mail. 

E-Mail is so important a concept to those who can 
use it efficiently that some New York banks prominently 
feature E-Mai l as one of the highpoints of electronic 
banking. (Problem is, the pitchman-or is it 
"pitchperson"-mumbles when they get to the part 
about how E-Mail can only be sent to other users in the 
same bank's network.) 

One can see the importance of E-Mail by simply 
looking at the new software packages, such as IBM's 
"Personal Communications Manager" for the IBM PC/PCjr. 
Virtually the entire package is oriented towards E-Mail. 
Like much of the latest communications softv'(are, PCM 
gets involved in unusually sophisticated protocol 
transfers. 

A protocol transfer is a method of data transmission 
that insures an error-free download, upload, or 
exchange. Until recently, most personal computer 
protocol transfers involved data and programs, not 
ASCII text. Instead of exchanging data using ASCII 
characters, the data is an exact representation of the 
binary information, and it is transmitted in blocks. 
Depending on the specific software, error checking is 
done through a CRC (Cyclic Redundancy Check) or a 
checksum. Both are means whereby each block of data 
is followed by a value derived from the data. If a bit 
gets glitched during transmission the CRC or checksum 
doesn't match the value of the received data and the 
host computer automatically requests another 
transmission. Only when the CRC or checksum matches 
the data value is the data stored in the computer's 
memory or written to mass storage. 

As a general rule, communications software has 
some limit on the number of protocol "tries" before it 
quits and informs the operator there is a data loss. 

THE MENU OF II not only lists every function, but 
also the services programmed for automatic access through 
the Communications Directory. 



Somewhere around 8 to 10 tries is standard before the 
computer quits and warns the operator that a reliable 
exchange isn't possible. 

Some software entertains the operator with a running 
count of the number of blocks transmitted or received, 
the number of errors, the number of tries, etc. None of 
this information has any real value, but it beats staring at 
a blank screen. 

The protocols must be compatible. 
A protocol exchange requires that both computers 

recognize exactly the same set of control signals-the 
"protocol." If one computer uses, say, X-ON/X-OFF 
(CONTROL-Q/CONTROL-S) to start and stop 
transmission while the other recognizes only ETX/ACK 
(CONTROL-C/CONTROL-F), or if the computers use 
different means of calculating the checksum, they will 
never be able to do a protocol exchange because they 
will always be searching for control signals that never 
arrive. 

Unfortunately, manufacturers like to insure that 
people purchase their products, so few 
communications software packages employ protocols 
used by other communications softWare. TELCOM 
won't do protocol exchanges with CROSSTALK 
(Microstuff, Inc., 1845 The Exchange, Atlanta, GA 
30339), and SOFTCOM (The Software Store, 706 
Chippewa Square, Marquette, Ml 49855) won't do 
protocol exchanges with UNITERM (BT Enterprises, 171 
Hawkins Rd., Centereach, NY 11720), etc., etc, ad 
nauseum. About the only outfit that really gives the user 
a break is MITE (Mycroft Labs, Inc., Box 6045, 
Tallahassee, FL 32301), which recognizes the CLINK 

· (Crosstalk), XMODEM (public domain), HAVES (Hayes 
Microcomputer Products, Inc., 5923 Peachh:::e Industrial 
Blvd., Norcross, GA 30092) and IBM PC protocols
which encompases the majority of the commonly-used 
CP/M-IBM personal communications software. 

When only interactive text is involved there is usually 
no need for protocols because the data is exchanged 
on a character by character basis, not in blocks, and 
the exchange is continuously viewed. The operator can 

THINK OF ANY CONFIGURATION and SMARTCOM II will 
probably let you do it. (Smear of screen is caused by automat
ic highlighting.) 

IBM'S PERSONAL COMMUNICATIONS MANAGER is big into 
E-mail. This sub-menu shows just some of the E-mail options. 

If you select Address Book Maintenance, you will see this 
menu that gives you 5 more choices. 

easily recognize a glitch and make an informed 
guestimate, or ask for a repeat transmission. The data 
exchange in this instance uses ASCII because the on
line services and hardware all recognize ASCII. If you 
access the Source, CompuServe, etc., your computer 
sends and receives ASCII-encoded characters. 

Some software does a checksum or CRC check of 
ASCII text but doesn't interfere with the exchange It just 
inforr s the user(s) there was an error. 

BL, modern applications of the personal computer 
have strained the non-protocol ASCII exchange with 
which most users of personal computers are most 
familiar. E-Mail is the wave of the present for many 
business users, and so communications software must 
provide for error-free data exchange of text. Why error
free? Imagine sending a construction bid by E-Mail and 
it arrives as $125,000 instead of $12,500. 

E-Mail oriented communications software is more or 
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YOU NAME THE MAILBOXES in IBM's program. To deliver 
your mail, just enter the name of the mailbox and the comput
er will auto-dial the remote location and deliver your mes
sage-all unattended. 

less the same as any other communications software, 
but it also includes protocol exchange and has many 
special features specifically intended for E-Mail. Most 
important, the E-Mail usually referred to is not the E-

. Mail of the on-line services whereby you leave a 
message for another subscriber in an "electronic 
mailbox" at the Source or CompuServe. 

What is E-Mail? 

E-Mail is a real document, a letter, data, memo or 
whatever you would normally put down on paper for 
exchange between two business offices (at least for 
the present} True E-Mail oriented communications 
software is clocked and dated; it will automatically 
transmit your document at a specific date and time. It 
will go to an internal Address Book, look up the 
telephone number of the office for which a message is 
intended, automatically dial the remote telephone and 
redial until a link is established, transmit the correct 
remote access codes, compare the return confirmation 
codes, then go to the data file, locate the desired file 
and transmit the document using an unusually precise 
protocol to virtually eliminate any possibility for 
transmission error, and finally sign off and disconnect. 

Similarly, true E-Mail software will automatically 
answer the phone, go on-line, test for protocols, 
receive and store incoming data using the same precise 
protocol, and then disconnect. The user can even 
program what time the computer should auto-answer 
the telephone line to prevent all callers from being 
greeted with an answer-tone. 

Though many E-Mail features are found in 
conventional high performance communications 
software, the major differences are the protocols, 
internal Address Book access, and header-derived 
transmissions. As for the protocols, IBM's latest personal 
computer communications package for home and 
business, "Personal Communiations Manager," uses the 
Microcom Networking Protocol. It matters not whether 
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this is the best or worst protocol because today, by 
popular demand, software must be IBM-compatible, 
hence, the Microcom Networking Protocol will most 
likely become the defacto E-Mail standard for home 
and business, just as the XMODEM protocols are the 
defacto standard for CP/M bulletin boards. 

In a typical E-Mail system each office or location is 
considered to be a mailbox, identified in the Address 
Book by a specific codeword or identification. The 
mailbox file contains the identification, the telephone 
number and access protocols. For example, Super
Shlock Industries, manufacturers of gold-plated 
widgets, might be identified by the single word 
WIDGET, while your own home office might be 
identified as BIGSHOTS, with a field office identified as 
BOON DOCK. 

You need a header. 
Each time you selected a document for transmission 

you would assign a header to the outgoing log that 
selects the files to be transmitted. Documents to be 
transmitted after 'hours to the home office would have 
the header BIGSHOTS. Orders and requests for bids to 
Super-Shlock Industries might have the header 

WANT TO SEE WHO PICKS UP THE MAIL at the mailbox? You 
can call up the list at the touch of a key. The character Lor Hat 
the right means low speed (300 baud) or high speed (1200 
baud) modem-again automatically selected. 

WIDGETS. Five inquiries to the field office asking for 
information on how many left-handed screwdrivers 
were in stock would have the header BOON DOCK. 

To transmit your document(s) to the field office you 
would program the communications package to send 
files coded BOON DOCK at 1:30AM. At 1:30 in the 
morning the computer would start up, locate the 
phone number identified as BOONDOCK in the 
Address Book, dial the listed telephone number, and 
after the communications link was established it would 
search out and upload a·ll files logged as BOONDOCK. 

Same thing with the other files. At 3:00A.M. the 
computer might "come-up," find itself programmec:l to 
transmit WIDGET files, so it would access the 
telephone circuit associated with the WIDGET identifier 



in the Address Book, and then upload al l logged 
WIDGET files. 

An important component of any business operation 
is "accountability," which is the business-administrator's 
way of pinning the blame for mistakes on someone 
else. While general purpose communications software 
can be used for E-Mail, true E-Mail software keeps a 
log of incoming and outgoing traffic. It records who 
sent what to whom at which telephone number at 
what time. If the Skyhook Antenna Company claims it 
never received your order for 25 direct broadcast 
satell ite antennas all you need to do is consult the log, 
if you sent your order by E-Mail . The log w ill show the 
date and time the telephone number was d ialed, the 
protocol identifier exchange (if recorded), the subject 
or name of the transmitted file (your order), and 
depending on the particular E-Mail software, the 

number of tries, failure or success of the protocol 
exchange, and possibly the disconnect time. It wil l be 
difficult for Skyhook Antenna Inc. to deny your order 
when you have virtually a confirmation in your log. 

As with just about everything else in personal 
computing, new developments are often ready for the 
marketplace before you even get a chance to become 
familiar with the hardware and the software you 
recently purchased. In the field of personal computer 
communications, be prepared for some startling 
developments in personal and business E-Mai l 
because it works so well and so easily, .and can leave a 
rather detailed audit trail. A lso look at it this way: The 
junk mai l you get through E-Mail doesn't clutter your 
mailbox and doesn't have to be taken out for the 
garbage pickup. You get rid of it with the simple 
command ERASE ..... m .... 

COMPUTER PRODUCTS 
For more details use the free 

information card inside the back cover 
IBM-PC COMPATIBLE COMPUTER, the Colby PC-3, is a 
standalone, tansportable computer that incorporates Colby's 
"high density" IBM-PC compatible motherboard with many 
functions on the motherboard that would ordinari ly require 
additional plug-in boards, taking up space in the expansion 
slots. 

CIRCLE 121 ON FREE INFORMATION CARD 

The unit weights 26 lbs., has a 9-inch amber screen and 
dual 360K double-sided, double-density floppy-disk drives. 
It measures 8Y2 x 16 x 16Y2 inches, has 3% IBM-PC 
expansion slots, and a full-width carrying handle that 
doubles as a ti lt stand. The computer can be stored under an 
airline seat. 

The PC-3 comes standard with 128K of RAM (but can be 
upgraded to have as much as one megabyte of RAM on the 
motherboard), a real -time clock, serial port, parallel port, 
SASI hard-disk interface, and an SO-column x 25-line display 
with IBM-fiPC compatible graphics capability It is priced at 

$2795.00.-Colby Computer, 849 Independence Avenue, 
Mountain View, CA 94043. 

EQUATION-PROCESSING SOFTWARE, TK!Solver is an 
equation-processing program that makes it easy to solve 
mathematical problems without programming. The user 
simply enters the model (one or more equations), types in 
the known values, and presses the action key The program 
finds all of the unknown values. 

All the tools needed for problem-solving are built into the 
program, including mathematical functions, facilities for 
converting units of measurement, and the ability to produce 
graphs and tables. With the program, the user can create his 
own mathematical functions and use them along w ith the 
built-in functions. 
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TK!So/verPack applications packages, designed for use with 
the TK!So/ver program, solve problems in specific fields. They 
contain models, which in turn contain the necessary 
equations, values, and tables for solving a particular p roblem. 
The models provided in the applications package can be 
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modified by the user, if desired. 
TK!SolverPacks are available for Introductory Science, 

Mechanical Engineering, Financial Management, and Building 
Design and Construction. Additional SolverPacks are 
promised in the future, including packages based on 
educational books published by McGraw-Hill Book Co. 

TK!Solver has a suggested list price of $399. The 
TK!SolverPack applications packages are priced at $100. 
each-Software Arts, Borman!Williams, Inc., 156 Fifth 
Avenue, New York, NY 10010. 

DISK FILE, the Rolltop 100, known as the "Executive" features 
a silver rolltop enclosure and a textured black high-impact 
plastic body It holds 120 diskettes and comes with 10 

CIRCLE 123 ON FREE INFORMATION CARD 

dividers and color-coded labels. The Executive Rolltop 100 
Disk File is priced at $39.95 (model RT1008 A locking model 
for securing valuable programs or data (Model RT100EL) is 
priced at $49.95.-Microcomputer Accessories, Inc., 6721 
Buckingham Parkway, Culver City, CA 90230. 

COLOR-GRAPHICS TERMINALS, Graphos II and Graphos Ill 
feature shiftable cell architecture and 16 independently 
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managed screen windows that can smooth-scroll in any 
direction, be used to compare images, and mix graphics and 
alphanumerics. The windows have individual color tables 
and are central to device-independent operation. 

Both Graphos II and Graphos Ill are well suited for the 
OEM, systems integrator, and software developer. Each 
terminal communicates through an RS-232 connector with 
practically any host computer, and attaches to a variety of 
monitors. Those terminals can be rack-mounted or used on a 
desk. 

The two terminals differ in memory, speed, and number of 
colors. Graphos II runs at 6.25 MHz and has 16 colors 
displayable on a TTL-input monitor. It is priced at $3,995.00 
(without monitor). Graphos Ill is an enhanced version capable 
of generating 32,768 colors on an analog RGB monitor, has a 
speed of 12.5 MHz, and more memory (256K vs 128K 
graphics RAM; 224K vs l28K local storage RAM). It is priced at 
$5,485.00 (without monitor). Complete packages with 13" 
and 19" rr,C:mitors are available.- Ithaca lnterSystems, 1650 
HanshaVv Road, Ithaca, New York 14850. 

PRINTER STAND, Printer Caddy is a solid oak-wood 
container for your printer. The finish comes in light, medium, 
and dark wood, with the natural markings of the oak wood 
showing through. There is easy access to printer paper, with 
two doors front and back; there are also dual fans for cooling, 
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and an adjustable printer shelf that features %" soun'tJ
suppression material. 

Overall dimensions are 32" x 27" x 44". The printer stand 
may be moved about easily on four over-size ball-bearing 
casters. The "Printer Caddy" is priced at $490.00.-Daisy-Net 
International, Inc., PO Box 1152, Northbrook, IL 
60062.~CD .... 



sure the resonant frequency. 
In order to determine the unknown val

ue of an inductor, place it in parallel with a 
known capacitor; or for an unknown ca
pacitor, use a known inductor. Measure 
the resonant frequency with your GDM 
and you have two of the three values spec
ified in the standard formula: 

fr = 1/2JtYLc 

Where F is the frequency in hertz; Jt is 
equal to 3.1459; L is the inductance in 
henry's, and C is the capacitance in 
farads. From that basic formula you can 
solve for the unknown value. To find the 
value of an unknown capacitor, for in
stance, use the equation: 

Let's look at an example: Say that you 
measure the resonant frequency at 10 kHz 
and you know the inductance to be 10 fLH. 
Substituting the numerical values for their 
respective symbols in the above equation 
will yield a capacitance value of 25.33 
fLF. 

By reversing the positions of Land C in 
the equation, you can solve for the induc
tance. Another way, to find the value of an 
unknown capacitor or inductor would be 
to use the chart that can be found in any 

good radio handbook. Also, keep in mind 
that building a GDM is a good project. 

Computer tapes revisited 
You may recall that the August 1983 

Hobby Corner contained a piece about 
copying computer tapes . The gist of it was 
that copying from one tape machine to 
another was an unsatisfactory, if not im
possible undertaking. It appears, 
however, that some of you have had some 
success with just such copying. 

The most informative Jetter came from 
Rick Cook (AZ) who is researching this 
very subject for a book to be published by 
Sybex. Rick has had the greatest success 
using relatively inexpensive recorders and 
high quality tape. He says (as do the 
others) that finding the right control set
tings for both machines can require a lot of 
trial and error. If you are interested in the 
details, look for Rick's book. 

Perhaps my difficulty was a Jack of pa
tience in experimenting to get the settings 
just right. Instead, I got a signal con
ditioner and then could hardly miss mak
ing good copies. 

Speaking of signal helpers, P. J. Don
nelly (NY) wrote about a passive con
ditioner for use with Timex/Sinclair 
tapes. It's call the Winky Board, and is 
available from G. Russel Electronics (RD 
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and FM DIRECTORY 
Get all the newest and latest information on the new 
Mcintosh stereo equipment in the Mcintosh catalog. In 
addition you will receive an FM station directory that 
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Electronic Troubleshooting 

WINNER 

Hickok's MX333 with 
VARI-PITCH® and LOGI-TRAK® 

Instantaneous VAAl-PITCH speeds: 

• Voltage tracing 

• Troubleshooting in hard-to
reach locations 

• Tuning type adjustments 

• Resistance checks 

• Digital logic troubleshooting 

And . . . Detects signal charac
teristics and abnormalities not pos
sible with digital or analog meters. 

LOG I-T R A K replaces the best 
100MHz logic probes and offers: 

• Eyes on the probe tip, HI/LO 
indication 

• Instant identification of margi
nal states and fault conditions 

•100MHz response 

• 5n sec pulse detection 

LISTEN to what the MX333 can 
do for you. Ask about our NO 
RISK 30 day Free Trial. 

THE HICKOK ELECTRICAL INSTRUMENT CO. 
10514 Dupont Avenue • Cleveland. Ohio 44108 
(216] 541-8060 
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NEW IDEAS 
Restoring tube-type car radios 

THE INTEREST IN CLASSIC CARS HAS RE

cently brought several old tube-type six
volt radios into our shop for repair. Most 
of the trouble with them is not hard to 
find, but the parts are-most notably the 
electro-mechanical multivibrators. They 
were used in DC-to-DC upconverter cir
cuits to provide + 300 volts to the vacuum 
tubes. As I recall, they were not all that 
reliable, nor were they long-lived, for that 
matter. Therefore a substitute was needed. 

After some experimenting we finally 
came up with the circuit shown in Fig . 1. 
The basic circuit is an astable-multi
vibrator that is used to drive output power
transistors at the same frequency as the 
old electro-mechanical vibrator. 

How it works 
The circuit is built around ICl , a 4049 

hex inverter/driver. Two of the inverters 
(ICl-b and ICl-e) are used to form an 
astable-multivibrator, and the others 
provide the necessary drive for the output 
transistors. The rest of the circuit consists 
of several resistors, capacitors, and di
odes, and four transistors . 

When power is applied to the circuit a 
pulse is generated through capacitor C4 
and is applied to the cathode junction 
formed by diodes Dl and D2, causing the 
inverter outputs to alternately go from low 
to high . 

Each of the multi vibrator's two outputs 
are also fed to two separate drive circuits 
constructed from the four remaining in
verters. We will only look at the upper 
half of the circuit from this point on, be
cause they both do the same thing--only 
not at the same time. 

When the output of ICl-e is low, it 
causes the output of the paralleled inver
ters (ICl-c and ICl-d) to go high. Because 
diodes D3 and D4 are reverse-biased, they 
will not conduct. But, when ICl-e's out- · 
put swings in the positive direction, the 
output of the parallel inverters goes low, 
thus causing D3 and D4 to be forward
biased and conduct, turning on PNP tran
sistor Ql. Transistors Ql and Q3 drive 
output transistors Q2 and Q4. 

With Q2 turned off, its collector voltage 
will be high. Since the collector of Q2 is 
tied to center-tapped transformer Tl, a 
high will be across it too . (Remember the 
same action occurs alternately in the bot
tom half of the circuit with its output also 
applied to the primary of Tl.) Trans
former Tl is used to step up the output 
voltage from the circuit. The two diodes, 
D9 and DlO, connected across the trans
former's output leads form a full-wave 
rectifier. And capacitors C6 and C7 
provide filtering for the rectified output
voltage. 

Most of the components were mounted 
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on a small perf-board, about lY2 x 2-112 
inches. The vacuum-tube multivibrator 
and rectifier, along with their sockets, 
were removed from the set to make room 
for the new circuit. The output transistors, 
Q2 and Q4, were secured to the chassis 
using mica insulators and an aluminum 
heat-spreader plate. Also, ECG 377 tran
sistors may be substituted for Q2 and Q4. 
Resistor RIO was put were some air could 
get to it. Also, keep in mind that some old 
systems require a positive ground. In that 
case, the hash-choke (Ll) should be con
nected in the negative lead, as was done 
for the the positive, and tied to the ground 
point on Tl 's center-tapped primary. It 
should also be noted that Ll and Tl are 
part of the radio's original circuitry. Be 
sure to check the filter capacitors for 
shorts before powering up the circuit (sor
ry to say, we did not).-Dave Maley 

NEW IDEAS 
This column is devoted to new ideas, cir

cuits, device applications, construction tech
niques, helpful hints, etc. 

All published entries, upon publication, will 
earn $25. In addition, for U.S. residents only, 
Panavise will donate their model 333-The 
Rapid Assembly Circuit Board Holder, having 
a retail price of $39.95. It features an eight
position rotating adjustment, indexing at 45-
degree increments, and six positive lock posi
tions in the vertical plane, giving you a full ten
inch height adjustment for comfortable work
ing. 

I agree to the above terrns, and grant 
Radio-Electronics Magazine the right to 
publish my idea and to subsequently re
publish my idea in collections or compilations 
of reprints of similar articles. I declare that the 
attached idea is my own original material and 
that its publication does not violate any other 
copyright. I also declare that this material has 
not been previously published. 

Title of Idea 

Signature 

Print Name Date 

Street 

City State Zip 
Mail your idea along with this coupon 
to: New Ideas Radio-Electronics, 

200 Park Ave. South, 
New York, NY 10003 
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1 Box 539, Central Hall, PA 16828). Ac
cording to P.J., that device works ex
tremely well. 

You will notice that the Winky Board, 
like the Data Dubber, AcuData, etc., is 
machine-specific, In other words, they 
cannot be used to copy tapes of computers 
other than the ones for which they were 
specifically designed. 

common-anode or common-cathode 
type. Since most display circuits have 
some "spare" driving capacity, larger 
digits of the same type· should be direct 
replacements pin-for-pin, even if they do 
require a bit more current. To be on the 
safe side, however, you may want to use 
non-inverting hex drivers between the 
new digits and the counting circuits. 

ATTENTION 
TECHNICIANS 
ARE YOU TIRED 

of being 
"only a serviceman" 

or 

Those of us with little patience need a 
device that will work with all, or at least 
several different, types of computer tapes . 
Have any of you designed such a circuit, 
or know of such a versatile device? 

Here, your greatest problem is likely to 
be the larger physical size of the readout. 
A couple of mounting possibilities are: 1) 
Place the display outside the cabinet in 
front of the old readout; 2) Mount the 
readout in a small case and placed it be
side or on top of the receiver. R·E 

"just a technician"? 
THE LETTERS "GET 

AFTER YOUR NAME SPELLS 

"PRIDE" 
-· 1!!!!!!!!!!!!!!!!!!!!11 

Larger readouts 
Bill Murks (TN) has a receiver with a 

digital readout, but his vision problem 
makes it difficult to read the numbers. He 
would like to add a readout with larger 
digits to the unit. Well, Bill, you already 
have all the circuitry needed for the read
out, so your best bet is to replace the 
present one. And since I am not familiar 
with your receiver, I can do no more than 
point you in the right direction. 

The first thing to do is to determine 
whether the present readouts are of the 

For information about:_ exam dates; 
___ requ irements; __ study guides; 
other_~--------~~-------------

Send to: NESDA/ISCET 
2708 W. Berry St. 

Name 

Fort Worth, TX 76109 
(817) 921-9101 

Address-------------

City ___________ St._Zip ____ __ 

SEI I 641 Academy Dnve • Northbrook, llllno1s 60062 ' nc. For InformatiOn (312) 564-0104 • To order outSide IllinOIS 1-800-323-1327 

SOLID STATE STEREO 
REVERBERATION AMPLIFIER 

Specifications: • Total harmonic distortion 
less than .05% • Frequency response 10Hz to 
50K Hz +IdS • SIN Ration 90dB • Reverber
ation time 0 to 3 sec. • Input 150MV/50K ohm 
• Max. input 2V • Accepts input from tape. 
phone, or aux. 
Includes and LED Reverb Level display Kit 
comes with all electronic components, trans
former and Instructions. and 19" rack mount 
cabinet. 

Model TA-2400 ....... $S9.95 

AMATEUR MICROWAVE 

""'"'" Syotom ,.~ .. -··. ···• 1.9-2.5 GHZ . 

• Commercial grade construction • Sturdy 
Parabolic aluminum reflector antenna • High 
gain 50 dB! • Ltne of sight d_istance 45 miles 1 

• Complete system, power supply, cable. as
sembled reflector antenna, and down converter. 
• Oownconverter mounted in attractive cabinet. 

90 day warranty on PS-51 
PS5 Assembled .... $109.95 

Kit Form ....... $ 79.95 

SOLID STATE STEREO 
GRAPHIC EQUALIZER 

PRE AMP KIT 

• • - -~--- - :<F* '-. • . . -

INFRA-RED 
REMOTE CONTROL 

SWITCH KIT 

UHF TV PREAMP 

S FEATURES: 
• 25 dB gamt 
• Kit 

' 

-

- Inf ra -red Remote Con
trol sw1tch can be used 

• to control appl 1ances Your recept1on w1ll dramat•ca11y 1m prove! Th 1s 
up to 500 w un1t w1ll enable you to pull1n stgnals you never 

The TK-41 has effect•ve control up to 10 k new were t here! For both indoor and outdoor 
Specifications: • Total Harmontc Dtstortton meters No antenna needed Features latestiC use In put and outputtmpedance 75 ohm. No 
Less than 0.05% • lntermodulatton Otstortton controller wt11ch excludes tnterferences from ad)ustment1 Easy assembly 

b~~:•7~:~e~~y SR~~;Jn~e~~~~~~~g~kh!; ltght or AC pulse Stgnal JH-0 Kit 
100KHz +0.2cl3 - 1dB. • RIAA Curve Devta- I ~T~K~-4:1:.!K~i~t..:_·..:_·..:...;_..:...;_.:...:_.:...:_;..:._:__:~::~.r:-----====-TA-~iiiil-~:~:~:~:~:~: 
!ton (Phone) +0.2dB. -0.2dB (30HZ"" 15KHz) 1-
• Channel separattor. (at rated output 1KHz) 
• Phone. Tuner. Aux and Tape Montto r better 
than 70d8. • Input senstttvtty and tmpedance 
(1KHz for rated output) 
Phono: 2MV 47K ohms Aux 130MV 50K ohms 
Tuner: 130MV 50K ohms Tape: 130MV SOK 
ohms. Graphic Equalizer Control: 10 Band 
Sltde Control. Frequency Bands: 31 5Hz 
G3Hz 125Hz: 250Hz . 500Hz 1KHz 2KHz 
4KHz: 8KHz: 16KHz also wtth on panel selector 
for Phone. Tuner. Aux 1 and Aux 2 Power 
Supply: 117 VAC. Ktl comes wtth all elect rontc 
components. transformer. tnstructJo ns and a 
19" rack mount type metal cabtnet 

TA-2500 (Kit) ........ $119.00 

20 STEP LED POWER 
LEVEL INDICATOR KIT 

Thts new stereo leveltndtcator ktt conststs of 
40 3-colorLED's to indtcate sound level output 
of your ampltfier from -57 dB to 0 dB. Comes 
wtth an attractive silk screen pnnted panel 
Has selector swttch to allow f loat tng or 
gradual output indicting. Ktt includes all parts. 
Front panel and power supply 

TY-45 (Kit) 
- ~ l .: ••• ' -

STEREO AMP KIT 
160 Watt Total SOW + SOW 

Thts tS a sohd state all tranststor Ctrcul!ry on 
board ste reo ampltfter Power output employs 
2 patrS of matchmg Oarltngton transtst ors 
T H 0 less than 05% between DC to 200KHz 
Power supply requtres 30 VCT 2 amp· FMR 

TA-802 

$39.95 
Transformer 
(optional) 

$9.95 

LOW TIM DC STEREO 
PRE-AM KIT TA-2800 

More power for stereo blaster! 100 watts/ 
channel , stereo preamp built-in. Trebel, 
midrange, bass, mic volume. Balance and 
volume are standard controls on the pre
amp. M ic input allows you to use it as a P.A. 
Specifications: 100 w x 2 into 8 Ohms. Freq. 
Range: 0-100Khz .i, 3d B. Thd: .01%. SiN 
Ratio: 80 dB. Sensitivity: 3 mu into 42K. 
Power Requirements: 24-40 VAC. 

TA-1500 ............ $72.00 

NEW ~$3~4-.9~5----~====~~--~ 

Incorporates state of D.C. deSign that gives a 
frequency response"from 0Hz-100KHz+ .SdB. 
• Features tone defeat swtlch lOudness. 
treble. mtdrange. bass. balance • Contams 
quad BtFet op-amp to develop T H 0 of 005% 
at rated output • Input senstttvtty phone 2 5 
MV tuner. aux. tape p lay tOOMV tOOK • Power 
supply • 15 vo lt D C at 2A Ktt comes wtth 
~e8~1adeadnf~wxef~~pply al l you need tS a 15-20 

160 WATT DC STEREO AMP/PREAMP KIT 
The TA-BOO is an 80 watt/channel preamp 
and power amp with tone control. high, 
middle and bass controls. Volume and 
balance control are built-in. On board 
power supply requires only 60 volt C.T. 
XFMR. Specifications: SOW x 2. into 8 
Ohms. Freq. Range: OHZ-100 Khz.±.3d8. 
Thd: .01 %. S/N Ratio: 80 dB. Sensitivity: 
3 mu in to 47 K . Power Requirements: 
24-40 VAC 

KIT SPY EAR 
Use with PS-3 Kit. Adds 20-25 db gain to boost 
reception distance. 

• Low Noise 
• High Gain 
• Can be used with all existing stop stgn 

board receivP.rs! 
• 1.9-2.5 gHZ Freq. Range 

PS-4 (Kit). . . . . . . . . . . . . $34.95 

A very popular devtce de
signed to listen to sounds & 
vo1ces through rooms or 3 
ft. th ick concrete walls. 
Place listening sensor agatnst wall and 
earphone in ear . Adjust volume control! 
Clear ly hear things you may not want to1 

CM-S ................. $S9.95 

TA-2SOO 
ONLY 
$44.50 
XFMR 

$4.50 ea. 

CIRCLE 60 ON FREE INFORMATION CARD 

TA-800 ............. $65.00 
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DESIGNER'S NOTEBOOI< 

ONE OF THE BIGGEST ADVANTAGES THAT A 

digital approach to circuit problems has 
over more traditional analog solutions can 
be summed up in one word-precision. In 
fact, some of the stickiest problems that 
come up when dealing with analog cir
cuitry have been just about eliminated, 
now that a handful of silicon shavings can 
replace acres of glass epoxy and miles of 
wiring. 

Certainly the area where that has be
come most outrageously evident is in the 
whole field of frequency generation and 
division. At one time, super-precise fre
quencies could only be generated by 
using crystal oscillators, expensive hand
picked components, and then building 
elaborate divide-by networks with com
ponents that had names like 12AX7, 
6AU6, and so on. 

Of course, we're talking about tech
niques most commonly used by monks 
and we know about them through ancient 
hand-illuminated parchment scrolls. Se
riously though, the whole idea of frequen
cy-synthesis and division has undergone a 
major change with the development of the 
IC. 

One of the first experiments that any 
newcomer to design encounters is build
ing a simple circuit that can generate sev
eral frequencies by dividing down a 
master oscillator. Not only that, but the 
whole design can be accomplished using 
less than three IC's! And if you use a 
binary ripple-counter, like the 4060, you 
don't even need an external oscillator
it's built right onto the substrate and can 
be either an R-C type or crystal based. But 
enough beating around the bush. 

The point here is that while everyone 
knows twelve-million ways to easily di
vide any frequency by any number, it's 
sometimes necessary to do exactly the the 
opposite. Multiplying a frequency with 
the same degree of precision that we can 
get with division is possible by using 
things like rate multipliers and some exot
ic special-purpose IC's. And if you have 
to multiply a frequency by some "odd
ball" number, special-purpose IC's are 
the w~y to go. But suppose your needs are 
really simple. Just as you can easily di
vide by two using nothing more exotic 
than a flip-flop, this month's handy-dandy 
circuit will multiply a frequency by two 

Frequency multiplication 
ROBERT GROSSBLATT 

+V 

FIG.1 

just as easily. You can take the same ideas 
even farther and multiply by four, eight, or 
whatever, by cascading. 

How it works 
Figure I shows a circuit that can be used 

as a frequency multiplier. The operation 
of the circuit is so simple it doesn't require 
much of an explanation. The whole thing 
is made from a single quad two-input 
NAND gate! Two gates, ICI-a and ICI-b, 
are set up as inverters and their inputs are 
isolated from each other by two capaci
tors, Cl and C2. Resistors Rl and R2 hold 
the inverter inputs high and low respec-

. tively. Since ICI-c is on the line between 
ICI-a and ICI-d, both inputs to ICI-d will 
be high . As long as there's no signal at the 
clock input, the output of ICl-d is low. 

When a clock pulse shows up at the 
input, the negative edge will charge ca
pacitor Cl and thus change the output 
state ofiCl-a. The output of that IC is then 
again inverted by ICI-c . As a result, a low 
is applied to one leg of ICl-d, causing it to 
output a high . All the IC's will stay in their 
present state until either the R-C network 
times-out or the input clock goes high. 

When the input clock goes high, capac
itor C2 will charge-up and force ICI-b to 
output a low on the other leg of ICI-d, 
forcing its output to go low again . The 
cycle will repeat over and over again, re
sulting in an output frequency that is ex
actly double that of the input clock. Just 
about the only thing to be careful of is to 
make sure that the R-C time-constant is 
well above the maximum frequency that 
you expect to put through the circuit. If 

OUTPUT 
(21} 

the input frequency has a period that is 
shorter than the time constant of the R-C 
network, the circuit will hang up. 

With the component values shown, you 
should be OK, provided that you don' t 
apply a frequency to the input that is 
greater than 500 kHz. Also, be certain 
that the IC that you are using can handle 
double the input frequency, since ICI-d 
will be switching at twice the input fre
quency. It should also be noted, at this 
point , that the IC used in the circuit 
should be compatible with the circuitry 
that it is to feed. For example, if you are 
using 7400 series TTL's, use a TTL NAND 

gate such as the 7402; and as for circuits 
that contain CMOS or low-power Schot
tky devices , use a CMOS IC such as a 
4011 or 74LSOO series TTL respectively. 

You should be able to use the same 
technique to build circuits that will triple 
or even quadruple an input frequency. All 
that you need is more inverters and a final 
gate with the right number of inputs . 
There are other, even simpler methods to 
do the same thing. But the operation of 
this circuit is very reliable over a wide 
frequency range. R·E 



TROUBLESHOOTING 
continued from page 71 

shut down the place. It has always been 
my custom when I have test equipment 
hooked up to a live set to shut the set first 
and the equipment last. This time, for no 
accountable reason, I turned off the scope 
first. The screen went white, I went limp. I 
thought I had blown one of the IC's. 

But, wait! Turning the scope back on, I 
went to ICIOl-perfect signal. Back to 
TPl2-this time it was not going to sabo
tage me-no signal. Back and forth I 
went, as though I wanted to savor every 
delectable moment over and over again. 
On one side of the coil, a signal; on the 
other side, none. Finally, when I felt that I 
had drained out of the moment as much as 
there was to be drained, I put a jumper 
across the coil, and there it was-a pic
ture . 

It had taken a tiny static discharge that 
was released when the scope switch was 
turned off to open the coil for good and get 
rid of one heck of a headache. R-E 

ftAmerican Heart V Association 

DE SCRAMBLER 
PARTS 

We stock the exact parts and PC Board for 
Radio Electronic's February Article on building 

your own Cable TV Descrambler. 

#701 PARTS PACKAGE . $29.95 
Includes all resistors, capacitors, diodes, transistors, 

integrated circuits, coils and IF transformers 
(BKAN·K5552AXX). 

#702 PC BOARD ......... $16.95 
Etched and drilled silk-screened PC Board as shown 

in article. 

BOTH #701 & #702 ..... $39.00 
Add $2.50 Postage & Handling 

.Orders only 1-617-339-6714 
1-617-339-5372 
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THE NEW 
A-6 

DESO 
IRON 

station. 

tool features""' .. "'""~~:~~~~=~~=~;~ eliminating the need for 
and desolder pump. No shop air required. 

for all tool kits, field service technicians, and 
repairmen, as well as production applications. V!lcuum 

chamber is easily removed for cleaning or replacement. 
Replacementtips available. Tool is supplied with SAT -6-059 

tip; diameter 0.059 inch (1,5 nun). 
FEATURES: 
• Self contained suction power and heating element. 
• Economical. 
• Lightweight 4oz. (113gms). 
• Compact size 101/4 inches (26 em). 
• Replacement nozzles available. 
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chugeaand localtues. 

2-05 BANTA PLACE 
FAIRLAWN. NJ, 07410 
TEL: 20 1· 796-1720 
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SERVICE CLINIC 
Electrostatics and electronics 

THE HISTORY OF STATIC ELECTRICITY GOES 

back about 2500 years to ancient Greece. 
The theory is that someone rubbed a cat 
with an amber comb or rod, and found 
that (after rubbing) the comb attracted 
small lightweight particles such as lint or 
dust. That phenomenon was called trib
ein, meaning "to rub ." Greek phi
losophers experimented with t,he force of 
attraction that amber had on lightweight 
objects . In fact, our word "electron" 
comes from " elektron," which was the 
Greek word for amber. 

Since the discovery of the electrostatic 
phenomenon, many researchers have per
formed detailed scientific investigations 
into the property of attraction that many 
materials display after being rubbed. 
Among those who performed those ex
periments was Stephen Grey, an En
glishman , who in the 1700's did a 
considerable amount of work in identify
ing conductive and nonconductive mate
rials . Other scientists who experimented 
in this area include Benjamin Franklin , 
with whom we are all familiar; Ales
sandro Volta, for whom the volt was 
named; Charles Augustin De Coulomb, 
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MATERIALS 
AIR 
HUMAN HANDS 
ASBESTOS 
RABBIT FUR 
GLASS 
MICA 
HUMAN HAIR 
NYLON 
WOOL 
FUR 
LEAD 
SILK 
ALUMINUM 
PAPER 
COTION 
STEEL .. 
WOOD 
AMBER 
SEALING WAX 
HARD RUBBER 
NICKEL COPPER 
BRASS SILVER 
GOLD PLATINUM 
SULFUR 
ACETATE RAYON 
P.QLYESTER 
CELLULOID 
OR LON 
SARAN 
POLYUREtHANE 
POLYETHYLENE 
POLYPROPYLENE 
PVC (VINYL) 
KEL·F (CTFE) 
SILICON 
TEFLON 

FIG.1 

JACK DARR, SERVICE EDITOR 

MEANS OF 
STATIC 10 TO 20 65TO 90 
GENERATION PERCENT PERCENT 

RELATIVE RELATIVE 
HUMIDITY HUMIDITY 

WALKING ACROSS ' 35,000 1,500 
CARPET 

WALKING OVER 
VINYLFLOO!I 

WORKER AT 
BENCH 

VINYL ENVELOPES 
FOR WORK 
INSTRUCTIONS 

COMMON POLY 
BAG PltKED UP 
FROM BENCH 

for whom the unit of electric charge was 
named, and many others . 

Things went on in much the same way, 
with little progress being made in that 
area, until along came a group of dedi
cated researchers at the 3M Company. 
They did a complete run-down on the sub
ject of electrostatic discharge (ESD). 

ESD 
What those researchers found was that a 

good many materials can develope static 
charges; those materials, called the trib
oelectric series, are shown in Fig. l. That 
figure shows that cotton is the dividing 
point between the positive and negative. 
When any two materials in the trib
oelectric series are rubbed against each 
other, the materials above the horizontal 
line lose electrons and those below gain 
electrons. That transfer of electrons re
sults in a net positive charge for those 
materials higher up in the series and a 
negative charge for materials lower in the 
series . 

The level of static electricity generated 
is directly related to how closely the mate
rials make contact; how rapidly they are 
separated; their distance from one another 
in the triboelectric series, and the relative 
humidity. Look at Fig. 2: It shows that just 
walking across a carpet while the humidi
ty is low can generate up to 35,000 volts! 
Most humans cannot feel static electricity 

12,000 250 

6,000 100 

7,000 600 

20,000 1,200 

18,000 1,500 

until it reaches a level of about 3000 volts. 
The voltages generated during normal 

daily activities are stored on materials in 
much the same way that a capacitor stores 
a charge . And those voltages are dis
charged within 20 nanoseconds after they 
come close to or touch some other mate
rial with an unlike charge. That short dis
charge time causes several watts to be 
dissipated in a device: And that's not all, 
the peak current can reach up to 60 am
peres! No mistake, we mean amperes! No 
wonder sensitive devices can arc over in
ternally and be damaged . 

The newer generation of semiconduc
tors (such as MOS devices) are faster, 
more compact , but they are extremely 
sensitive to heavy static-charges. And 
when you consider that those devices use 
single-conductor gate electrodes about a 
micron wide, it is easy to see why they are 
so susceptible to ESD damage. For in
stance, VMOS IC's can be damaged by an 
electrostatic charge as low as 30 volts. 
How often have you purchased some stat
ic-sensitive device and put it in a circuit 
only to find that the project or equipment 
does not work. Very often circuit failure is 
caused by static charges transferred from 
the body to sensitive components during 
handling. 

Several types of failure generally occur 
as a result of ESD. The first and most 
easily detected is complete component 



failure. The second and more serious 
problem is the degraded or intermittent 
component. Failures caused by ESD hap
pen very quickly and in many cases pro
tective diodes react too slowly to prevent 
damage. 

Computerists are also plagued by ESD. 
They often find that after hours of punch
ing in data, along comes an electrostatic 
surge that completely upsets the whole 
apple cart. For them, protective products 
such as Zap Guard (from Inmac, 2465 
Augustine Drive, Santa Clara, CA 95051) 
have been introduced. That product is 
nothing more than a conductive mat that, 
when placed at a computer station, shunts 
electrostatic charges away from the com
puter and prevents possible problems 
from electrostatic discharge. 

It was because of such occurrences that 
we had to find a way to avoid the damage 
caused by ESD, if only for the sake of not 
having to replace so many IC's-ajob that 
nobody likes. Electrostatic discharges 
can be eliminated when the right precau
tions are taken. 

ESD control 
· Some of the stock devices for the elim

ination of ESD in a manufacturing en
vironment are really quite simple. One 
such device is a grounded wrist strap, 
which must always be worn by the techni
cian while he is in the work area. In that 
way static charges built up during normal 
activities can drain off before any damage 
occurs. 

Some other devices used to control 
ESD are conductive covers for the bench 
top and mats for the floor in front of the 
work station. Also, it might be a good 
idea to ground your bench chair: Note the 
last item in Fig. 2: "Work chair padded 
with polyurethane foam." 

The problem of generating a static 
charge can be rendered harmless by run
ning new strips of metal tape across the 
seat and down the sides to the legs. And 
then removing any rubber or plastic tips 
from the legs, so that the chair would be 
grounded to the conductive floor mat; or, 
if the chair legs are not metal, the strip can 
be attached to the mat itself. Let's look at 
some of the simple actions that generate 
electrostatic voltages. 

Almost anything you do can cause a 
static charge to be developed. For in
stance, did you know. that any relative 
movement resulting in a rubbing action 
will generate a static charge? An example 
of that would be walking, and not neces
sarily across a carpet. The rubbing of 
clothing against the body as you walk, or 
simply taking parts out of a PVC bag, or 
even picking up such a bag from a work
bench can generate ESD! 

Materials such as plastics, vinyls, and 
synthetics can generate charges of 60,000 
volts or more because of their high in
sulating properties. Not only that, but 

they can also hold their charge for pro
longed periods of time. It seems that ev
erything's out to get us , so we have to be 
extremely careful. 

We've mentioned some ESD protective 
devices , but they are not all that common. 
However, those items (grounded straps , 
protective mats, conductive bags, etc.) 
can be found at NARP CES (North Amer
ican Philips Consumer Electronics Co., 
Parts Dept. , PO Box 555, Jefferson City, 
TN 37760). With.a few of those protective 
devices it should be much easier to keep 
from blowing up sensitive components 
,and equipment. R-E 

SERVICE 
QUESTIONS 

RASTER PROBLEMS 
This Motorola TS-915-D11 has me in cir
cles. I have no raster. All cathode voltages 
on the kine are at 8 +, cutting off the tube. 
Collector voltages of the three video driv
ers measure .5 instead of 6 volts. The base 
of the ABL driver is at 30 volts when I turn 
the ABL adjust to maximum. It should be 
higher, but I can't figure out why it isn't.
R.L., Johnson City, TN 

Although the diagram calls for 34 volts 
at the ABL driver base, I'm not sure that 
this is your problem. Still it is an odd 
circuit, for sure. The ABL adjust is part of 
a voltage divider that goes back to the 
screen controls and still further back to the 
focus control. Stuck in the middle some
where, you have a 2.7-megohm and a 2.2-
megohm resistor. If either of those resis
tors changes value, you 're going to lose 
some of that voltage. There is DC coup
ling throughout from the ABL driver 
through the color outputs , so any off-volt
age in that loop could be cutting off the 
kine. R·E 

• 0-30 VDC at 0-2A • Excellent Regulation 
• Ripple & Noise - 500 uV • Built-in Short
Circuit and Overload Protection 

Model 3002A features continuously 
adjustable current limiting and precision 
constant voltage/constant current operation 
with " automatic crossover." This lab-grade 
unit can also be used as a current regulated 
power source. 

Optional 1 O·turn voltage & current controls: 
$25 each . Add $3.00 lor UPS shipping in 
Continental U.S. Check, Money Order or 
C.O.D. accepted. Illinois residents add 6% 
sales tax . 

@ ELECTRO INDUSTRIES, INC. 
4201 W. IRVING PK., CHICAGO, ll 60641 

312/736·0999 

CIRCLE 44 ON FREE INFORMATION CARD 

CABLE TV 
Buy Direct & Save 
SUPER SPECIALS 

··~J 40 CHANNEL 
CONVERTER 
52995 

Advanced Solid State design and cir· 
cuitry allows you to receive mid & 
super band channels. Restores pro
gramming to Video Recorders. 

JERROLD 400 

36 CHANNEL 
REMOTE CONTROL 
CABLE CONVERTER 
56995 

THE ULTIMATE CABLE TV 
CONVERTER 

::; .... ., 60 CHANNEL 
INFRARED 
REMOTE 
CONTROL 
512995 

"In technical terms, this is what's known 
as computer upchuck." 

l I 
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CONVERTERS 
DESCRAMBLERS 

Largest Selection 
of Equipment Available 

$Buy Warehouse Direct & Save$ 

36 channel 
wired remote 

converter 
only 

$8895 

36 channel 
converter 

$4595 

Send $2 for complete catalog 
of converters and unscramblers 

Quant ity Discounts • Visa • Master Charge 
Add 507o shipping - Mich . residents add 4 0'Jo sales tax 

C&D Electronics, Inc. 
P.O. Box 21, Jenison, MI 49428 

(616) 669-2440 

The world of 
electronics 

gee-wizardry 

-YOURS FREE. 
32-pages of test instruments - from the 
latest digital multimeters to the famous 
EICO scopes. Security systems. Auto
motive and hobbyist products. Kits and 
assembled. EICO quality. EICO value. 
For FREE catalog, check reader service 
card or send 50t for first class mail. 
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POWER SUPPLY 
continued from page 68 

Vour = 
~-....-tl>--~~--_,..,---,--<> 1.25V-30V 

VIN 
35V-40V 

c1 
.1 

"' ' z ~ 
FIG. 21-ADDITIONS TO THE PREVIOUS CIRCUIT has given this regulator a low-impedancl! transient 
response and full input and output short-circuit protection. 

35V 

-35V 

R2 
2000 

Vour =OV-30V 

+ C2 
10/50V 

FIG. 22-THE OUTPUT OF THIS REGULATOR is 
fully variable from zero to 30 volts. 

v,N = 
35V-55V 

GND 

01 
1N4002 

GND 
FIG. 23- A PRE-REGULATOR, Q1, is used to 
give input over-voltage protection and improved 
ripple rejection. 

The minimum output voltage of the cir
cuits in Figs. 19- 21 is 1.25 volts. If you 
want the voltage to vary all the way down 
to zero, the circuits must be configured so 

lour = 1.25 

~ Rl 

_J 
FIG. 24-THE 317K THREE-TERMINAL regulator 
can be used as a precision current limiter or 
constant-current generator. 

that the "adjust" ~erminal goes to -1.25 
volts when Rl is reduced to zero ohms. 
Figure 22 shows how that can be achieved, 
using a 35-volt negative rail and a pair of 
series-connected diodes to clamp the low 
end of Rl to -1.25 volts . 

If you want to get the maximum possi
ble voltage out of one of the these reg
ulators, you'll need to make sure that the 
input voltage does not exceed the 40-volt 
rating of the I C. Th~ best way to do that is 
to use a simple D,arlington-plus-Zener 
pre-regulator circuit, as shown in Fig. 23, 
which enables you to use any unn::gulated 
input in the range 35- 55 volts. Note that 
as well as giving input overvoltage protec
tion, that pre-regulator also gives a further 
improvement in ripple rejection. If you 
want to use this circuit with a 5-amp 338K 
regulator, you may need to reduce the 
value of R2 and beef up the power rating 
of the Zener diode. 

Finally, to complete this look at reg
ulator circuits, Fig. 24 shows how you can 
use the 317K as a precision current limiter 
or constant -current generator in which the 
output current is determined by Rl and is 
virtually independent qf the external load 
values. By suitable choice of'Rl, the con
stant-current magnitude can be set at any 
value between approximately 10 rnA 
(Rl = 120 !1) and 1.25 A (Rl = 1 !1). The 
performance is certainly not bad for a two
component circuit. R.E 



PC liOARDS 
continued from page 53 

brings us to the next disadvantage-the 
stuff is very expensive. S~ill in all, you 
can't beat it for bridging small breaks in a 
trace and, to be fair about it, a Y2 ounce 
bottle lasts a iong time. 

We're mentioning the next alternative 
only so we can tell you to avoid it. Don't 
ever leave the ·leg of a component extra 
long so you can bend it over to bridge a 
gap in the trace. You'll run into exactly the 
same horrors you do when you make a 
sloppy repair with a piece of wire . In this 
case, the jumper will only be supported by 
the board at one end 0 The other end of the 
component's leg will still be depend on 
the adhesion of the copper to the board for 
strength. As was pointed out before, that's 
a definite no-no. 

You can also try to bridge small gaps in 
a trace with solder but that is too silly to 
discuss. What you'll be trying to do is 
create a solder bridge, and even if you 
manage to do that successfully, its 
strength will still depend on the bond be
tween the copper and the board. That is 
really iffy and the chances are good that 
even trying to make a solder bridge will 
lift the copper off the board anyway. To 
make a long story short, don't ever do 
that-it creates more problems than it 
solves. 

Changing the pattern 
If you have to change the foil pattern 

because you've discovered that your 
layout was wrong, the techniques to use 
are the ones we've already discussed. 
After all, it's still just a matter of moving 
the copper around. There are, however, a 
few other things that should be men
tioned. 

If you want to change components, you 
have to remove them from the board with
out damaging the foil. The ease of remov
ing a component is a direct function of the 
number of pins it has-the more there are, 
the harder it will be to remove. Un
socketed IC's are a write-off. There is ab
solutely no safe way to reinove them from 
the board. If you're faced with that prob
lem, leave the IC where it is and do a cut 
and paste operation with the traces con
nected to its pads. However difficult and 
distasteful that is, it's still better than try
ing to remove the IC safely. 

After the component is removed from 
the board, the holes have to be cleaned 
out. Solder will always .flow across the 
hole when the component is removed and 
it's suicide to try melting the solder and 
pushing the leg of the replacement part 
through the hole. The copper will always 
lift off the board. Clean the hole out by 
melting the solder and pushing a tooth
pick through the hole from the foil side as 

shown in Fig. II. The solder won't stick to 
the wood and the hole will be nice and 
clean. You can get rid of the excess solder 
with a desoldering tool if you're rich or 
with left-over braided wire if you're not. 

FIG. 11-AFTER A COMPONENT IS REMOVED, 
solder should be removed from the hole using a 
toothpick. 

We've saved the most horrible sort of 
repair job for the end. What do you do if 
you're making a double-sided board and 
you discover that the two sides are out of 
register? Well, you cry a lot and bang your 
head against the wall. There's not much 
you can do about it-you only have one 
hope. If things aren't too far off, you can 
drill through the board at an angle to com
pensate. If your board is too far off for 
that, all we have to offer is our deepest 
sympathy. It's happened to us and if any
one knows a way to solve that problem, 

No costly School. No commuting to class. The Original 
Home-Study course that prepares you for the FCC. 
Radiotelephone license exam in your spare time! An 
FCC Government license is your "ticket" to thousands 
of exciting jobs in Communications. Radio & TV. 
Mobile two-way. Microwave. Computers. Radar. Aero
space and more. You don't need a college degree to 
4ualify. but you do need an FCC License. No need to 
quit your job or go to school! You lea rn how to pass 
the FCC License exa m at home at your own pace with 
this easy-to-understand, proven course. It's easy. fast 
and low cost! GUARANTEED PASS - You get your 
FCC License or money refunded. Write for free details. 
Soon you could be on your way to being one of the 
highest workers in the electronics field. Send for FREE 
facts now. MAIL COUPON TODAY! 

r----------~-----------, 1 commdnD PRODUCTions 1 
I FCC LICENSE TRAINING, Dept. 90 I 
1 P.O. Box 2223, San Francisco, CA 94126 I 
I Rush FREE facls on how I can get my FCC License I 
1 In spare lime. No obligation. No salesman will call. I 
I NAME I 
I ADDRESS I 
I CITY STATE____liP __ Jl L----------------------CIRCLE 23 ON FREE INFORMATION CARD 

please let us know. 
A successful repair to a printed-circuit 

board is any repair that does the job and 
doesn't affect the integrity of the board. 
You can use any or all of the techniques 
we've discussed and you probably know 
some that haven't been mentioned. The 
extra time it takes to make a safe, reliable 
repair is a small enough price to pay to 
keep acres of valuable silicon from going 
up in smoke. R-E 

SEE YOUR DEAlER TODAY 

FROM 

'Fi lo:U' lr8SUI\. 
•ANTENNAS· 
•ACCESSORIES• 

HERE'S A TI.P 
THAT'S PERFECT! 

AM/FM AUTO RADIO 
ANDCB 

'Firestill' D 
GOLDEN SERIES 

BARE-HANDS TUNABLE 
"NO TOOLS NEEDED" 

HIGH PERFORMANCE ANTENNAS 

ALSO ANTENNAS FOR 
CORDLESS TELEPHONES 

MONITOR SCANNERS 

Dealer & Distributor Inquiries Invited 
SEND FOR FREE CATALOG 

-- --;1;.;,;-;,;;;.;.~o;.;----, 
2614 East Adams/Phoenix, AZ 85034 I 

Name ___________________ _ 

Street __________ _ 

C~------------------------
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MARKET CENTER 
EDUCATION & INSTRUCTION PLANS & KITS 

EARN your university degree through evaluation 
assessment, of existing education, expenence, 
achievements. Call, (614) 863-1791, or write, AS· 
SESSMENT, Box 13130R, Columbus, OH 43213. 

PRINTED-circuit boards. Quick prototypes, pro
duction, design, reflow solder send print or 
description for quote to KIT CIRCUITS, Box 235, 
Clawson, Ml 48017. 

HOW a transistor works. $4.00. Easy educational 
experiment. Satisfaction guaranteed. ANTON, 1343 
W. Belmont, Chicago, IL 60657. 

CABLE-TV converters and equipment. Plans and 
parts. Build or buy. For information send $2.00. C & 
D ELECTRONICS, PO Box 21, Jenison, Ml 49428. 

FCC commercial licence correspondence course. 
60 individual lessons, $89.50. Payment plan avail
able. Results guaranteed! Information free. AMER
ICAN TECHNICAL INSTITUTE, Box 201, Cedar 
Mountain, NC 28718. 

HI-FI speaker kits, auto speaker systems and raw 
drivers from the world's finest manufacturers. For 
b-eginners and experts. Free literature. A&S 
SPEAKERS, Box 7462R, Denver, CO 80207 (303) 
399-8609. 

UNIVERSITY degrees by mail!! Accredited Bach
elors, Masters, Ph.D's. Free facts revealed. CA· 
REERS·RE7, Box 470886, Tulsa, OK 74147-0886. 

NEW! ... repair any TV ... easy. Anyone can do it. 
Write RESEARCH, RR No.3, Box 601BR, Colville, 
WA99114. 

No previous experience needed . :. train 
at home in spare time for an exciting 
career. Even beginners can learn how to 
repair small computers. Everything 
explained in easy·to-understand lan
guage. Test instruments included with 
course. Easy-to-follow home-study course 
shows how you can get started in this fast.lijiMI!ijjl growing business, Send for free facts. No 

,. obligation. No salesman will call. 

REPAIRS of all converters and cable boxes with 
prompt service. Deluxe sinewave kits $95.00. 90% 
complete also available (quantity discounts) UHF 
converters of all types available. Send SASE (54 
cents postage) for information. 1-(312) 637-4408. 
HIGGINS ELECTRONICS, 6014 W. Nelson, Chi
cago, IL 60641. 

CATALOG: Hobby, CB, broadcasting! Linears, 
transmitters, bugs, scramblers, downconverters, 

10V 
Write ICS SCHOOL OF COMPUTER REPAIR, 

Dept. DED64 Scranton, PA 18515. 

To run your own classified ad, put one word on each of the lines below and send this form along with your check 
tor $2.15 per word (minimum 15 words) to: · 
Radio-Electronics, 200 Park Avenue South, N.Y., N.Y. 10003 

ORDER FORM 
PLEASE INDICATE in which category of classified advertising you wish your ad to 
appear. For special headings, there is a surcharge of $20.00. · 
( ) Plans/Kits ( ) Business Opportunities ( ) For Sale 
( ) Education/Instruction ( ) Wanted ( ) Satellite Television ( ) ______________________________________ ___ 

Special Category: $20.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 

2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 . 34 35 

PLEASE INCLUDE FOR OUR FILES YOUR PERMANENT ADDRESS AND PHONE NUMBER. 

CLASSIFIED COMMERCIAL RATE for firms or individuals offering comercial products or services). 
$2.15 per word prepaid (no charge for zip code) ... MINIMUM 15 WORDS. 5% discount for 6 issues, 
10% for 12 issues within one year, if prepaid. 
NON-COMMERCIAL RATE (for individuals who want to buy or sell a personal item) $1.50 per word 
prepaid ... no minimum. 

ONLY FIRST WORD AND NAME set in bold caps. Additional bold face (not available as all caps) at 20¢, 
.per word. All copy subject to publisher's approval. ADVERTISEMENTS USING P.O. BOX ADDRESS 
WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT 
ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 20th of the third month preceding 
the date of the issue (i.e., August issue closes May 20th). When normal closing date falls on Saturday, 
Sunday, or a holiday, issue closes on preceding working day. 

antennas, modifications, more! PANAXIS, Box 130-
F7, Paradise, CA 95969. 

QUALITY light chaser/color organ kits. Refundable 
$1.00 for flyer. DESIGN SPECIALTY, Box 1995, 
Huntington Beach, CA 92647. 

VEHICLE security system. Five separate timing cir
cuits. LED monitoring. Many extra features. Plans 
$5.00. D & J ELECTRONICS, Box 6272, Rose
mead, CA 91770. 

CONVERT three-phase induction motors to single 
phase at full torque, 1-25 HP, $6.00 instruction book, 
ROTARY CONVERTER SPECIALISTS, PO Box 
1382, Washington, DC 20013. 

ULTRASONIC remote control to mute unwanted 
commercials. Photos, schematics parts list, $5.50. 
J. CLARK, 4720 Fielder, Tampa, FL 33611. 

UHF-STV using countermeasures (Miami, Chi
cago)? Unique unpublished add-on circuits for STV, 
SSAVI, cable, MDS, satellite (Biuemax, Fantasy). 
Catalog $1.00 plus SASE. CAPTAIN VIDEO, Box 
9388, Baltimore, MD 21228. . 

CONTROL your world with your computer! Control 
up to 48 different devices easily. Complete plans, 
schematics, programs, ' $4.95. B & W ELEC· 
TRONICS, 3621 Lowden, Kalamazoo, Ml 49008. 

FREE Information. Increase the vertical bandwidth 
of your 5Mhz oscilloscope to 200Mhz! WHITE 
KNIGHT IND. 3928 Iowa, No.102, San Diego, CA 
92104. 

DELUXE II sine wave descrambler board owners, 
improve reception distance, picture quality and sta
bility with 7 circuit revisions $9.95. A pulse sup
pressed descrambler design for the above board 
$7.95. G & M, Box 335, Rising Sun, MD 21911. 

ROBOTIC units kits plans, basic robot kit-$80.00, 
interface motor control kit-$50.00, verbal controlled 
robot-$150.00, programable RAM robot-1125.00, 
Information $1.00, WENDEL L. DANIELS, ENGI· 
NEERING CONSULTANT, 8450 Anthony Wayne 
Ave., Cincinatti, OH 45216. 

TOP quality imported, domestic kits, surplus, dis
count electronics, computer components, Free cat
alog. TEKTRASONIX, 175 Fifth Ave., Suite 3194, 
N.Y, NY 10010. 

SECURITY schematics, transistor, ultrasonic and 
I.C. designs, $8.00. For large list of plans send 
$2.00 (refundable) to SELECTRONICS, PO Box 
9606, Detroit, Ml 48209. 

SILK screen PC boards, dials & panels yourself! 
Complete plans $9.95. RUS BARLEY, PO Box 
20993, Portland OR 97220. 

CABLE TV 
DEALERS wanted: Channel 2, 3, and 4 Notch fil
ters. Money back guarantee. Send $15.00 for 
sample and quantity price list. Specify channel(s). 
LEE KURTZ, PO Box 291394, Davie, FL 33329 

BUSINESS OPPORTUNITIES 
VIDEO game repair business. Start your own. Infor
mation/parts list $5.00.BEST ELECTRONICS, 
4440 Sheena, Phoenix, AZ 85032 . 

64K 6502/Z80 dual processor computer 
US$420.00. Hundreds Apple-compatible softwares. 
Details US$1.00. RELIANT, PO Box 33610, 
Sheungwan, Hongkong. 



MAKE RADIO SHACK YOUR PARTS PLACE™ 
Low Prices! First Quality! No Mail Order Hassles! 

Power Transformers Low-Profile DIP Sockets Replacement 

======-120VAC Primaries Transistors 
Quality non-wicking sockets for PC use. Low-

Type Volts Current Cat. No. Each resistance contacts. Type Cat. No. Each 

Mini 6.3 300mA 273-1384 2.59 Type Cat. No. Price 2N1305 PNP 276-2007 1.19 
Mini 12.6 300mA 273-1385 2.79 MPS222A NPN 276-2009 .79 
Mini 25.2 300mA 273-1386 2.99 

8-Pin 276-1995 21.59 PN2484 NPN 276-2010 .89 
14-Pin 276-1999 21.89 MPS3904 NPN 276-2016 .69 Mini 12.6CT 450mA 273-1365 3.59 16-Pin 276-1998 2/.89 TIP31 NPN 276-2017 Mini 25.2 CT 450mA 273-1366 3.99 .99 

Std. 6.3 1.2A 273-050 3.79 Type Cat. No. Each TIP3055 NPN 276-2020 1.59 
Std. 12.6CT 1.2A 273-1505 3.99 MPS2907 PNP 276-2023 .79 18-Pin 276-1992 .49 MJE34 PNP 276-2027 1.49 Std. 25.2 1.2A 273-1480 4.39 20-Pin 276-1991 .59 NPN 2N3053 276-2030 .89 H-D 12.6CT 3.0A 273-1511 5.99 24-Pin 276-1989 .79 MPS3638 PNP 276-2032 .79 H-D 25.2 CT 2.0A 273-1512 6.29 28-Pin 276-1997 .89 

TIP120 NPN 276-2068 1.29 H-D 18.0CT 2.0A 273-1515 6.99 40-Pin 276-1996 .99 
2N3055 NPN 276-2041 1.99 
MJ2955 PNP 276-2043 2.19 

Tantalum Capacitors Computer Connectors 2N4124 NPN 276-2057 .59 
2N4401 NPN 276-2058 .59 

Repair or make your own RS-232 cables and joy- MPSA06 · NPN 276-2059 .59 

=- • MPSA13 NPN 276-2060 .59 • 20% Tolerance stick extension cords and save! 
MPSA42 NPN 276-2061 .69 

• Standard IC Pin Spacing Type Positions Cat. No. Each MU4891 UJT 276-2029 .99 
10 Card Edge 34 276-1564 4.95 2S0313 NPN 276-2048 1.79 

I-IF WVDC Cat. No. Each 10 Card Edge 50 276-1566 4.95 2SC945 NPN 276-2051 .79 
Card Edge Socket 44 276-1551 2.99 2SC1308 NPN 276-2055 7.95 0.1 35 272-1432 .49 

0.47 35 272-1433 .49 Solderless Sub-0 Male 25 276-1559 4.99 2N3819 N-FET 276-2035 .99 
1.0 35 272-1434 .49 Solderless Sub-0 Fern. 25 276-1565 4.99 MPF102 N-FET 276-2062 .99 
2.2 35 272-1435 .59 Solder Sub-0 Male 9 276-1537 1.99 

10 16 272-1436 .69 Solder Sub-0 Female 9 276-1538 2.49 
4000-Series -22 16 272-1437 .79 Hood for Above 9 276-1539 1.99 

Solder Sub-0 Male 15 276-1527 2.49 CMOS ICs 
Ceramic Disc Capacitors 

Solder Sub-0 Female 15 276-1528 3.49 With Pin-Out and Specs 
Hood for Above 15 276-1529 1.99 

~ 
Solder Sub-0 Male 25 276-1547 2.99 Type Cat. No. Each 

Solder Sub-0 Female 25 276-1548 3.99 4001 276-2401 .79 
Hood for Above 25 276-1549 1.99 4011 276-2411 .79 

Low 39c; Pkg. 4013 276-2413 .99 
As of 2· 4017 276-2417 1.49 Communications ICs 4023 276-2423 .99 

Type Cat. No. Each 4049 276-2449 .99 

For RF, bypass and coupling. Hi-Q. Moistureproof 276-1794 5.59 
4066 276-2466 .99 

AY-3-1015 UART 
coating. 50 WVDC minimum. AY-5-8116 Baud Rate Gen. 276-1795 8.95 

pF Cat. No. Pkg. of 2 I-IF Cat. No. Pkg. of 2 XR 2206 AFSK Generator 276-2336 5.95 
TTL Digital ICs XR 2211 Decoder/PLL 276-2337 5.95 

4.7 272-120 .39 .001 272-126 .39 5089 Modem Tone Encoder 276-1301 3.99 
47 272-121 .39 .005 272-130 .39 In Stock at Low Prices! 

100 272-123 .39 .01 272-131 .39 
220 272-124 .39 .05 272-134 .49 Y4·Watt, 5% Resistors Type Cat. No. Each 
470 272-125 .39 .1 272-135 .49 

39c; Pkg.of5 ==~~-=~ 
7400 276-1801 .59 
7404 . 276-1802 .79 

Dual Switched Filter 7408 276-1822 .79 

Ohms Cat. No. 7447 276-1805 1.19 

Slashed 51%-- 10 271-1301 Ohms Cat. No. 7490 276-1808 .89 

100 271-1311 10k 271-1335 

Reg. 7.99 388 150 271-1312 15k 271 -1337 Operational Amplifiers " 220 271 -1313 22k 271-1339 
20-Pin 270 271-1314 27k 271-1340 

330 271 -1315 33k 271 -1341 Type Cat. No. Each 
MF10. Versatile CMOS building block for active 470 271-1317 47k 271 -1342 741 (Single) 276-007 .79 filters-eliminates the need for expensive, close- 1k 271-1321 68k 271-1345 MC1458 (Dual) 276-038 .99 tolerance parts. High performance, yet very easy 
to use. Hams-build a CW/SSB audio bandpass 

1.8k 271-1324 tOOk 271-1347 
LM324 (Quad) 276-1711 1.29 2.2k 271-1325 220k 271-1350 filter or a RTTY demodulator with a minimum num- 470k 271-1354 TL082 (Dual) 276-1715 1.89 

ber of parts! Center frequencies up to 20 kHz. 3.3k 271-1328 
TL084 (Quad) 276-1714 2 .99 

Single or split supply. With data. 4.7k 271-1330 1 meg 271-1356 
LM3900 (Quad) 276-1713 1.39 

276-2329 . ........ ....... ... .. .. . Sale 3.88 6.8k 2H-1333 tO meg 271-1365 
LM339 (Quad) 276-1712 1.49 

SPST DIP Switches Semiconductor Reference Voltage Regulator ICs -= 
Guide 349 Type Adjustable I Cat. No. Each I 

1984 Edition. Cross-ref-
LM723 Oto40 VDC 276-1740 .89 

erence and substitution LM317T 1.2 to 37 VDC 276-1778 2.79 

section lists 80 ,000 
~ Type Fixed Output Cat. No. Each types and low-cost 

For digital or low current applications. Mount in DIP Radio Shack replace-

~ 
7805 +5VDC 276-1.770 1.59 

sockets or on PC boards. Style may vary. ments. Data on Shack 7812 +12 VDC 276-1771 1.59 
a-Position. Fits 16-pin DIP socket. transistors, ICs. SCRs. 7815 +15 VDC 276-1772 1.59 
275-1301 ... .. . ..... . .. ... ... .. ...... . 1.99 LEDs, diodes, opto de- 7905 -5VDC 276-1773 1.59 
4-Position. Fits 8-pin DIP socket. vices. Illustrated. 272 

7912 -12VDC 276-1774 1.59 275-1304 .. . ...... . . ... .. .. .. .. ...... 1.49 pages. 276-4007 . 3 .49 

A DIVISION OF TANDY CORPORATION ltadle lhaeK OVER 8800 LOCATIONS WORLDWIDE 

Prices apply at participating Radio Shack stores and dealers 
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YOUR own radio station! AM, FM, cable, licensed, 
unlicensed, transmitter kits! Write: BROADCAST· 
lNG, Box 130-F7, Paradise, CA 95969. 

BUILD and sell ultrasonic remote control to mute 
unwanted TV commercials. Photos, schematics, 
parts list $5.50. J. CLARK, 4720 Fielder, Tampa 
33611. 

ELECTRONIC 
ASSEMBLY BUSINESS 

Start home. spare time. Investment knowledge or 
experience unnecessary. BIG DEMAND assem
blmg electronic devices. Sales handled by profes
sionals. Unusual business opportunity. 

FREE: Complete illustrated literature 
BARTA, RE-O Box 248 

Walnut Creek. Calif. 94597 

BUY direct from Taiwan/Hong Kong. Details $1.00. 
Refundable. TONY COLUCCI, 56 Central Blvd. 
Merrick, NY 11566. 

GRAPHIC EQUALIZERS, ETC. 
NOISE eliminators, expanders, power meters, 
others. Twelve-24 bands/channel equalizers from 
$89.00 Kit see R-E 5-6/78, 2/80, 3-4/81 . Catalog: 
SSS, 856R Lynrose, Santa Rosa, CA 95404. (704) 
546-3895. 

SATELLITE TELEVISION 
UNSCRAMBLE secret satellite channels watch all 
the good stuff. Plans $19.95-kits 169.95-com
plete units $395.00-Details and order forms $3.00. 
SCRAMCO, 8688 Royal Dr., Nobleville, IN 46060. 

CIRCLE 77 ON FREE INFORMATION CARD 

SATELLITE-TV receiver breakthrough! Build 
your own system and save! Instruction man
uals, schematics, circuit boards! Send stamped 
envelope: XANDI, Box 25647, Dept. 21A, Tempe, 
AZ 85282. 

ENJOY satellite television. Save money with easy, 
guaranteed, do-it-yourself antenna plans/kits. Elec
tronic knowledge not necessary. Send $1.00 for cat
alog. GFI-22, Box 9108, Missoula, MT 59807. 

SATELLITES Today, complete satellite television 
guide, teaches about purchasing, owning, operat
ing, building earth stations and much more. Learn 
now and save money. Send $13.95 (includes ship
ping) to CONSOL NETWORK, Box 12098, Suite E, 
Boulder, CO 80303. 

SATELLITE TV VIEWERS 
Get the most complete weekly listings. 

Send $1 fOf' sample copy. @ rxnn 1 tro ,·,·:;<\ o 
P.O. Box 308E, Fortuna, California 95540 

100-UI-9997 (U.S.) • 100-556-1717 (C.IIf.) 
707-715-1476 (ell olh•rs> 

Satellite Descrambler 

For West Star 5 

Movies Movies Movies 

Send $5.00 for information 
Modern Technology ~ 
P.O. Box 419 01 
Boston, Ma. 02186 KS3J 

TI-99/4A SOFTWARE 
TI-99/4A owners. Get your free catalog of new, ex
citing, low cost software. DYNA, Box 690, 
Hicksville, NY 11801. 

SCANNERS 
SCANNERS-discount prices Bearcat BC-100 
$279.99; Bearcat 210XL $214.99; Bearcat 300 
$335.99; Regency MX3000 $186.99; JIL SX100 
$138.99; JIL SX200 $269.99; Bearcat 20/20 
$275.99; Spectrum radar detector $214.99; plus 
$3.00 Shipping. Free discount catalog. Lowest 
prices anywhere on scanners, radar detectors, ma
rine radios , two-way accessories. SCANNER 
WORLD, 10-RE New Scotland, Albany, NY 12208 
{518) 436-9606. 

REEL-TO-REEL TAPES 
AMPEX professional series open reel tape, 1800-or 
2400-feet on 7-inch reels, used once. Case of 40, 
$45.00. 10v2 x 3600 feet and cassettes available. 
MasterCardNisa. VALTECH ELECTRONICS Box 
6-RE, Richboro, PA 18954 (215) 322-4866. ' 

HOME ROBOTS 
WORLD'S largest supplier of home robot kits/ 
parts. Build your own. Computerized kits, parts, 
and publications. Catalog$3.00. Design handbook 
$15.00. Complete kits $129.95. ROBOT SHOP, 
Dept. 10, PO Box 582, El Toro, CA 92630. 

SINE WAVE PATENT 
INCLUDES patent complete explanations of autho
rization and control, video signal correction, audio 
system, $20.00. INTERNAL DESIGN, Box 2512-P 
Culver City, CA 90231. ' 
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74LS299 1.70 81 LS96 1.45 TMS4017 4096 1 I IZ50no) 74LS323 3.45 81 LS97 1.45 UP0411 4096 I I 1300ns) 74LS324 1.70 81 LS98 1.45 MM5180 4096 ' 1 1300n1) 74LS352 1.25 25LS2521 2.75 MK4108 8191 1 I 1200u) 74LS353 1.25 25LS2569 4.20 MM5Z98 819Z 1 I IZ50os) 
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4116-ZOO 16384 1 1 110011) 
4116-150 16384 1 1 1150uJ 
1118 16384 J I ti50RS)I5v) 
4164-250 65536 ' I 1150RS) 
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SPRING 4164·150 65536 1 1 115001)15v) 

51= Sln1115 VtH Sup~y 

EPROMS SPECIALS 1701 Z56 I 8 11"1 
1708 1024' 8 1450RSI 
1758 1014 I 6 145001) 
2758 1014' 6 1450ns)l5•1 
Z716 Z048 1 6 1450ull5v) 49$/ea 1716·1 Z048 1 8 135001)151) 250ns TMS2516 1046 1 6 1450ns)l5vl 
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1731·100 4096 , 8 IZ00os)I5V) 
1764 8191 1 6 1450ul15v) 2708 2.49 1764-250 8191 1 8 IZ5001)15vl 8K EPROMS Z76HOO 8191 I I 110011)15v) 

2716 2.95 TMS1564 8191 ' 8 145001)15vl 
16KEPROMS MC68764 8191 1 8 1450nsil5vl IZ4 'I• I 

Z71Z8 16384 1 8 CoH 

2732 3.95 5v = Sl1111 5 Volt Supp~ 32KEPROMS 

74LSOO 2764 64KEPROMS 5.95 
74LSOO .23 74LS92 .54 27128 19.95 74LS01 .24 74LS93 .54 128K EPROMS 74LS02 .24 74LS95 .74 
74LS03 .24 74LS96 .88 
74LS04 .23 74LS107 .38 
74LS05 .24 74LS109 .38 64K DYNAMIC 4.45 74LS08 .27 74LS112 .38 250ns 74LS09 .28 74LS113 .38 
74LS10 .24 74LS114 .38 64K DYNAMIC 5.45 74LS11 .34 74LS122 .44 200ns 74LS12 .34 74LS123 .78 
74LS13 .44 74LS124 2.85 

64K DYNAMIC 6.45 74LS14 .58 74LS125 .48 150ns 74LS15 .34 74LS126 .48 
74LS20 .24 74LS132 .58 
74LS21 .28 74LS133 .58 
74LS22 .24 74LS136 .38 2114 8/7.95 74LS26 .28 74LS137 .98 450ns 
74LS27 .28 74LS138 .54 
74LS28 .34 74LS139 .54 
74LS30 .24 74LS145 1.15 
74LS32 .28 74LS147 2.45 
74LS33 .54 74LS148 1.30 
74LS37 .34 74LS151 .54 
74LS38 .34 74LS153 .54 
74LS40 .24 74LS154 1.85 
74LS42 .48 74LS155 .68 5114'' DISKETTES 74LS47 .74 74LS156 .68 

A THANA 74LS48 .74 74LS157 .64 
74LS49 .74 74LS158 .58 SSSD 74LS51 .24 74LS160 .68 SSDO 74LS54 .28 74LS161 .64 osoo 74LS55 .28 74LS162 .68 
74LS63 1.20 74LS163 .64 

BULK DISKETTES 74LS73 .38 74LS164 .68 
74LS74 .34 74LS165 .94 5'1•" DISKETTES 74LS75 .38 74LS166 1.90 NO LABEL 74LS76 .38 74LS168 1.70 
74LS78 .48 74LS169 1.70 S INGLE SIDED DOUBLE DENS ITY 
74LS83 .59 74LS170 1.45 (WITH JACKETS AND HUB R ING) 74LS85 .68 74LS173 .68 
74LS86 .38 74LS174 .54 
74LS90 .54 74LS175 .54 
74LS91 .88 74L&181 2.10 



POPULAR CHIPS 
NE564 2.75 
LM 301 .49 
LMHS .~ 

MC 1330 1.25 
MC 1350 1.15 
MC 1458 .49 
MC 1496 1.00 
LM 1889 1.75 
7805 .80 
7808 .50 
7812 .80 
7815 .80 
7818 .80 
MV 2109 .69 
2N2222 .30 
MC 1349 1.79 

SPECIALS 
ON 

PRIME IC'a 
NE564 

$2.75 ••• 10/$25, 100/$195 

LM1889 
$1.75ea, 10/16.50,100/$150 

MC1496 
$1.00 ea, 10/$9, 100/$75 

FUNCTION GENERATOR KIT 
Uses XR-2206 I C. 1 Hz to 100kHz. 

Complete with PC Board ·& all parts except 
power supply and enclosure $19.95 

DELUXE PARTS ASSORTMENTS 
lt1 Realatora & Trlmpotl 

68 v. watt, 5% resistors & 
5 PT -15 1 OK trimpots, 1 
each- 51 , 75, 100, 470, 
1.5K, 3.6K. 51K, 470K, 
13-1 .2K. 2-220. 3-100K, 
6-330. &-12K. 7-910, 
!f-3.3K, & 14-4, 7K. 

$4.50 ••• 10/40.00 
lt2 Capacitor "A" 

Monolythics- 1-560pf, 
7-.1 mfd. & 1·.22 mfd. 
Silver Micas- 2-10pf, & 1 
each of 43pf. 110pf, 
560pf, 1,200pf, 3000 or 
3300pf. 

$4.95 ••• 10/45.00 
lt3 Capacitor "B" 

Mylars 4-.001, 2-.047, 
29-.01 . Aadiallytics 3-10 
mfd 16V, 1-1000 mfd SOV, 
1-2200 mfd 35V. Disc 
Caps 1 each of 5. 12. 21':. 
36,, 10, 330pf, 2-120pf, 
3-39pf, 3-220pf, and 1 
Vari Cap 5-35pf. 

$7.50 ••• 10/70.00 

*4 Coli & Chokeo 
1 each of 15, 33. and 100 
(uh) micro henries 
chokes. 1-variable RF 
coil (same as 
#49A537MPC) 

$3.25 ••• 10/30.00 
*5 IC'I SOckall, & Seml'l 

1 each of: NE564, LM565, 
MC1330, MC1350, 
MC1496, LM1889, 7812, 
7818, 2N2222A, MV2.109, 
heat sink 2-MC 1458. 
4-1N4002, 4-8 pin, 2-14 
pin, 1-16. & 1-18 pin 
socket. 

$13.50 ••• 10/125.00 
It& Mite Hardware 

LEO & holder, fuse & 
holder. line cord. 
grommet, SPST switch, 
OPOT switch, 2-F61 
conn. & lugs, knob. 
4-spacers, 6-screws & 
nuts, 2'AG- 174, matching 
transformer w /nut. 

$5.95 ••• 10/57.50 

UHF AMP KIT 
25db Gain stripline PC board 

using (2) BFR-90's 

POWER TRANSFORMERS ~ 
Pri:115VAC 0-~i'· 
Sec: 24 volts@ .350 A 

Complete (no enclosure) $10.95 Dim:2V.x1:Y.x2H ~ 

$1.95 ea. 10/$15.00 100/$125.00 · ·~~ Power supply for above $3.49 

NETWORK SALES, INC. 
2343 W. BELMONT AVE. 

CHICAGO, IL. 60618 

312/248-3202 
Phone Orders Welcome. 

QUANTITIES MAY BE LIMITED 

©cOPYRIGHT 1984 NETWORK SALES, INC. 

TERMS: Visa, M.C., Check, 
Money Order or COD (addit. 

$3.00). Min. Order $10.00. Add 
$2.50 S&H for USA. Ill. add 8% 

Tax. MAIL ORDER ONLY. 
Prices subject to change 

without notice. 
WRITE FOR OUR MONTHLY 
UN-ADVERTISED SPECIALS 

DON'T 
FORGET 

USE 

YOUR 

READER 

SERVICE 

CARD 

CB EQUIPMENT 
PALOMAR/Pride electronics-exclusive repair fa
cility. Service- update-improvements on these 
and similar equipment. PALOMAR-PRIDE RE
PAIR, 1320-A Grand, San Marcos, CA 92069 (619) 
744-0720. 

WANTED 
INVENTIONS, ideas, new products wanted for pre
sentation to industry and exhibition at national 
technology exposition. Call1-800-528·6050. An
zona 1-800-352-0458. X831. 

HALLICRAFTERS S-40, S-52, S-77. Any con
dition. Paying $20.00-$40.00 each. FALA ELEC· 
TRONICS, Box 04134-2, Milwaukee, Wl53204. 

BUY BONDS 

TEST EQUIPMENT 
DISCOUNT PRICES 
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V-222 
DC-20MHz • Dual Trace 

Reg. $695 

$545 

V'422· 
DC-40MHz • Dual Trace 

Reg. $895 

$649 

TOTAL ELECTRONICS CENTER • 

OSCILLOSCOPES 

COMPLETE LINE OF 
INSTRUMENTATION 

AT THE MOST 
COMPETITIVE PRICES· 

PRICES INCLUDE 
$50.00 PROBES, FREE 

WITH ALL SCOPES. 

DIGITAL MULTIMETERS 
3\1: Digit • 8 Functions • 
+18•-+280C Accuracy • 
AC & DC • Realat • 500 
Houra • O.ta Hold • w/8111· 
tery, Teat Leads & Fun • 
Auto range 

VR-3510 
Rag. $187 

$137 
VR-3525 

Reg. $147 

$107 
VR-3550 

Reg. $127 

$87 

WM. B. ALLEN SUPPLY CO. INC . 
ALLEN SQUARE 

BLOCK NORTH RAMPART STREET, NEW LOUISIANA 70112 

V-~50F 
60MHz • Dual Trace 

Delayed Sweep 

V-6015 
1MHz/2 Channels • 1000 

Words Per Channel 

CIRCLE 56 ON FREE INFORMATION CARD 

V-1050F 
100M Hz • Quad Trace· 

Delayed Sweep 

V-6041 
40MHz/2 Channels • 4000 

Words Per Channel 



This new stereo indicator kit consists of 36 4-color 
LED's (15 per cl)annel) to indicate the sound level 
output of your amplifier from - 36dB to + 3dB. 

•. ,.,,y_..,,.,,_,,,_... Comes with a well designed silk screen printed plas
tic panel and has a selector switch to allow floating or 
gradual output indicating. Power supply is 6-12VDC 
with THG on board input sensitivity controls. This unit 
can work with any amplifier from 1 W to 200W. Kit 
includes 70 pes driver transistors, 38 pes matched 
4-color LED's, all electronic components, PC Board 
and front panel. MARK IV KIT $31.50 

'"'"" <"- O.o>• 
-~..__.,. _______ _ --
.~~~~ .. . .. _, 
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------------ ·-" . ... .. ~ -

TA-1000 < KIT 
$51.95 

Power 

T~~~~r:~r 
100W CLASS A 
POWER AMP KIT 
Dynamic Bias Class "A" circuit design makes this 
unit unique in its class. Crystal clear, 100 watts power 
output will satisfy the most picky fans. A perfect 
combination with the TA-1020 low TIM stereo pre
amp. 
Specifications • Output power 1 OOW RMS into 80. 
125W RMS into 40 • Frequency response 
10Hz~100KHz ·THO less than 0.01% • SIN ratio 
better than 80d8 • Input sensitivity 1 V max. • Power 
supply ± 40V at SA. 

Additional Microphone 
(TraRSmtller) Available 

at $28.00 ea. 
MURA WMS-49 

Transmitter: FET mic for flat 
30Hz-18KHz response. X'ial 
controlled 49MHz AM Band 
for drift-free performance . 

1 OOmW output (range 
approx. 1J. mile} for re
liable long range 
transmission 
Powered by a 9V 
radio battery. 

·"-'.;;::::::-..., Receiver: X'tal con-
trolled locks on 

49MHz transmitter signal. On panel VU meter, moni
tors the signal strength from. the microphone. Stan
dard phone jack outlet connection to a P.A. or other 
phone input. 9V battery included. This professional 
set is ideal for on stage, in field , church, in house or 
outdoor use. 

LOWTlM DC STEREO PRE-AMP KIT TA-1020 
Incorporates brand-new DC design that gives a fre
quency response from 0-lOOKHz ::tO.SdB. Added 
features like tone defeat and loudness control let you 
tailor your own frequency supplies to eliminate power 
fluctuations! 
Specifications: • THO/TIM less than .005% • Fre
quency response DC to 100KHz ::tO.SdB • RIAA 
deviation ± 0.2dB • SIN ratio better than 70dB • 
Sensitivlty ; Phone 2mV 47KO, Aux 100mV 100KO • 
Output levei1.3V • Max output 15V • Tone controls; 
Bass ± WdB (r1• 50Hz, Treble ± 10dB (iu 15Hz • 
Power supply ::t 24VDC (tt O.SA. Kit comes wilh 
regulated power supply. All you need is a 48VCT 
transformer (a O.SA. 

Only $44.50 
Transformer 

$4.50 ea. 

@pineeom'" 
Pioneer of Low Cost 

Apple* Compatible Computer 

Now 
with New 
Improved 
Keyboard 

and 64K RAM 

No Copyright Problems! 

Compare These Features with Our Competitors: 

• Powerful Utility Program (100% Apple Compatible) 
• 68-Key Upper & Lower Case Keyboard with Numeric Keypad 
• 25 Pre-programmed Function Keys 
• 2 Speed Auto Repeat Funtion 
• 64K User Memory-expandable to 192K 
• 5A Switching Power Supply (110/220VAC) 
• All ICs Are Socketed for Easy Service 
• Nation-wide Dealer Network for Convenient Technical Support 

And best of all, the price $4 g goo 
Assembled and Tested is just. .... :-

@pineeom'" DP-&4 

• Dual Processor (6502 and Z80A) 
• Detached Keyboard 
• 64K RAM Expandable to 192K 
• 25 Function Key Keyboard 
• Auto Repeat Keys w/Upper/lower Case 
• 2 Slim Disk Drives (optional) 
• 1 00% Apple II Compatible 
• 40/80 Column Display (optional) 
• Runs Both Apple Soft and CP/M Software 

ModeiDP-64 

Fully Assembled ... 

*SPECIAL* 
Excellent Price! 
Model 001.0034 
$29.50 per Kit 
Transformer 

$10.50 ea. 

TA-322 30 WATTS TOTAL 
15W + 15W STEREO AMP KIT 

This is ·a soli(:l state all transistor circuitry with on 
board stereo pre·amp for most microphone or phone 
input. Power output employs a heavy duty Power 
Hybrid IC. Four built on board controls for, 
volume, balance, treble and bass. Power supply 
requires 48VCT 2.5A transformer. THO of less than 
0.1% between 100Hz-10KHz at full power (15 Watts 
+ 15 Watts loaded into 80). 

MAGNETIC HEAD EQUALIZER 
• Standard RIAA curve for all kinds of magnetic heads • 3 
stages crossover circuit for best results • Output voltage 
guaranteed to be stable without any oscillation • Power 
Supply: 24 V.D.C. 

MODEL: MA-142 
Part #370-370 ..... $6.95 ea. 

PROFESSIONAL REGULATED 
VARIBLE DC POWER SUPPLY KIT 

All solid state circuitry with high efficiency power tran
sijor 2SD388 and IC voltage regulator MC1 733. Output 
voltage can be adjusted from 0·30V at 1 A current 
limited or G-15V at 2A current limited. Internal resist
arx:e is less than o.oosn, ripple and noise less than 
1mV, dual on panel meters tor voltage and current 
reading, also with on board LED and audible over load 
indicator. Kit comes with prEKirilled PC Board, instruc
tions, all necessary electronic components, trans
former and a professional looking metal cabinet. The 
best project for school and the most useful instrument 
for repairmen. Build one today! 

60W+60W O.T.L. AMP 
Stereo pr&-amp + tone control + power amp. All in on 
unit, fully assembled! Compact in size: rx4:Y4·x21h". 
Can be fitted into most cabinets. Power transistors 
using 25C1667 X 4 to give a max output of 60W + 60W 
(80) 
• Frequency response: 20Hz- 85KHz( - 1d8) • Total 
harmonic distortion: 0.02% (1KHz) • Signal/Noise Ratio: 
88 "dB (open loop) • Tone control: 100 Hz::t 16 dB 10 
KHz± 14d8 • Dynamic range: 60 dB • Power Supply: 
48V- 70V 5Amp. • FilterCapacitor: 4700 iJ. 75Vorbetter. 

MODEL: 
SA-4520 

The circuitry employs all integrated circuits, 880 type 
echo circuit, echo time can be adjusted (max . . 30 
Msec.) Also with a microphone preamp on the board. 
Fully assembled. 

MODEL: MX205 
Part #370-0360 ... • • $29.95 ea. 

LOW T.I.M. TRANSISTORS 
100W+100W 

• Employs Hitachi low noise I.C. for pr&-amp • Max. 
output 16 V P-P {non distortion)· With hi-low filter, and 
tone defeat circuit • Rear power amp with short circuit 
protection • Giant heat sink for maximum results • Tone 
controls± 14d8 • All components (except pots for vol
ume, and tone oontrols) are pr&-assembled, the quality 
is guaranteed. • Power supply OC ..t35V-50V 
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~\.~' MULTI-CHANNEL 
" MICROWAVE 
***************************** 
Complete Antenna Systems from seggs 
Full BOO Mhz Range 
Tune 1.9-2.7 Ghz 
Includes all 
ITFS Channels 

DEALERS WANTED 

COO's and Credit Card 
Orders call TOLL FREE 

1-800-247-1151 .,. 
GALAXY 
ELECTRONICS 
5644 N. 53rd Avenue 
Glendale. AZ 85301 
1-602-247-1151 

STAR II ,.., 

~ 

CBC INTERNATIONAL, P.O. BOX 31500RE, 
PHOENIX, AZ 85046 (602) 996-8700 

6fi.Mc:GEE'S 
SPEAKER & ELECTRONICS CATALOG 

1001 BARGAINS IN SPEAKERS 
Tel.: 1 (816) 842 5092 

1901 MCGEE STREET KANSAS CITY, MO. 64108 

FOR SALE 
CABLE-TV SECRET5-the outlaw publication the 
cable companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, conver.ters, etc. Sup
pliers list included. Send $8.95 to CABLE FACTS, 
Box 711-R, Pataskala, OH 43062. 

RESISTORS V• & V2W 5% 3 cents. 1% Metalfilms, 
precision custom wirewounds, $1.00 refundable to: 
JR INDUSTRIES, 5834-B Swancreek, Toledo, OH 
43614. 

FREE catalog featuring scanner acessories, carrier/ 
subcarrier detectors, voice scramblers, unusual 
kits. CAPRI ELECTRONICS, Route 1 R, Canon, GA 
30520. 

DESCRAMBLERS for downconverters, high gain. 
Send $1.00. RB ELECTRONICS, PO Box 643, Ka
lamazoo, Ml 49005. 

THE Intelligence Library-Restricted technical in
formation & books on electronic surveillance, sur
veillance-device schematics, lock-picking, in
vestigation, weapons, identification docu
ments, covert sciences, etc. The best selection 
available. Free brochures. MENTOR, (Dept. Z), 
135-53 No. Blvd. , Flushing, NY 11354. 

CABLE TV equipment, notch filters for "beeping" 
channels. Information $1.00. GOLDCOAST, PO 
Box 63/6025 RE, Margate, FL 33063. 

RF parts/Motorola transistors. MRF454 $16.00, 
MRF455 $12.00. Catalog available. RF PARTS CO., 
1320 Grand, San Marcos, CA 92069. (619) 744-
0720. 

THE BEST PLACE to BUY, SELL or 
TRADE NEW and USED EQUIPMENT 

NUTS & VOLTS MAGAZINE 
BOX II 11-E • PLACENTIA, CA 92670 

(714) 632-7721 
Join Thousands of Readers Nationwide 

Every Month 
ONE YEAR U.S. SUBSCRIPTIONS 
$7.00- lrd Class • $11.50- 1st Clus 

Ill $25.00 - Lifetime - lrd Class l:liC 

HAI'I GEAR 
COMPUTERS 
SOFTWAAE 

SCANNERS • OPTICS 
TEST EQUIPMENT 

MICROWAVE 
SATELLITE 

AUDIO VISUAL 
NEW PRODUCTS 

COMPONENTS • KITS 

A~UT~3~~:~~:;;· 
~S•SERVICES 

UP to $500.00 per month. Sell computer software in 
your home. Write to: COMPUTER SERVICES, PO 
Box 7748, Tucson, AZ 85725. 

CABLE-TV products. Jerrold, Hamlin, and Oak 
converters. Send $3.00 for information. ADDI
TIONAL OUTLET CORP., 111 E. Commercial Blvd., 
Ft. Lauderdale,_ FL 33334. 

RECONDITIONED test equipment. $1.00 for cata
log. JAMES WALTER TEST EQUIPMENT, 2697 
Nickel, San Pablo, CA 94806. 

POLICE code unscramblers, other scanner ac
cessories, telephone recording device, ONE, Inc., 
Rt. 7, Box 257E, Hot Springs, AR 71901, (501) 
623-6027. 

NEW! ... repair any TV ... easy. Anyone can do it. 
Write, RESEARCH, RR No.3, Box 601BR, Colville, 
WA99114. 

EXACT same PCB and Toko coil set (no. 4) for 
descrambler in February article only $15.00 ship
ping $2.00. JIM RHODES, 1025 Ransome Lane, 
Kingsport, TN 37660. 

CONVERTERS all types for all systems, lowest 
prices anywhere, quantity discounts, dealer inquir
ies accepted. Send $1.00 for catalog. PG VIDEO 
CORP., PO Box 296, Latham, NY 12110 (518) 
274C6593. 

OVER 1200 electronics parts, kits, and computer 
products. Lowest prices. Send $1.00 (redeemable) 
for catalog. Stamp brings flyer. DAYTAPRO ELEC
TRONICS, 3029 N. Wilshire, Arlington His., IL 
60004. 

MICROWAVE TV ANTENNA SYSTEMS NORTH AMERICAN SOAR corporation 

CIRCLE 29 ON FREE INFORMATION CARD 

PEN-STYLE DIGITAL MULTIMETER 
MODEL 3100 $49.00. 

GREAT PRICE 

Hand Held LCD Display - Fast One Hand Operation 
SPECIFICATIONS: 
Display: LCD 31f, dig1ts maximum reading of 1999/ continuity beeper built~ in 

Range: Auto ranging 
Polarity: Automattc no indication for positive polarity : minus sign for negative polarity 
Overrange Indication: MBS 1 or - 1 indication 
Data Hold: Data hold in all ranges with hold switch on 
low Battery Indication: "B '. mark displayed when battery drops below operating voltage -
Sampling: 2 Times/ second 
Power Supply: SR-44 battery ( 1 SSV) X2 
Power Consumption: 5 SmW 
Size: 6" x1 1/4' LWH (less probe tips ) Includes 1h" and 2" probes 

Add $2.50 For Shipping 
STOCKING DISTRIBUTOR 

($] IIIJCS ELECTRONICS 
W ~ CORPORATION 

SEMICONDUCTOR PARTS AND PRODUCTS 

1043 N. STADEM DR. {602) 967-6945 
TEMPE, AZ 85281 

Call or Write for FREE 
Semiconductor Parts & Products Catalog 

CIRCLE 83 ON FREE INFORMATION CARD 



78H05K $5.95 LM1414N $1.90 
78M06 1.49 LM1458CNtN .49 
78M.G 1.49 MC1488N .99 
LM108AH 2.95 MC1489N .99 
LM300H 99 LM1496M .89 
LM301CN .35 LM1556N 1.50 
LM304H 1.98 LM1820N .95 

650< 
6505 8755 
6507 Z-80 

LM305H 1.89 LM1850N 95 
LM306H 3.25 LM1889N 3.10 
LM307CN 29 LM2111N 1.75 

8035 Z-SOA LM308CN .98 LM2900N .99 

M UP-GRADES 
8039 11.95 Z·80B 

18.50 8080 3.50 Z8001 44.95 
13.50 8085 4.75 28002 49.95 
12.95 8085A-2 11.00 F-813850 19.95 
27.95 8086 29.95 2650 16.95 

LM309K 1.49 LM2901N 2.50 
LM310CN 1.25 LM2917N 2.95 
LM311D/CN .89 CA3013T 2.19 
LM312H 1.75 CA3018T 1.99 
LM317T 

64K D RAM (4164-200nS) 
9 pes for $50°0 

16K DRAM (4116-200nS) 
8 pes for $1295 

11.50 6087 199.00 1802 5.95 
27.95 8088 29.95 8008-1 16.95 

4.75 8089 64.95 2901 6.95 
6.50 6741 34.95 290\A 8.50 
9.75 8748 39.95 Z8671 37.95 
WE STOCK IN DEPTH 

CALL FOR VOLUME PRICING 

LM318CN 
LM319N/H 
LM320K-XX" 
LM320T-XX" 
LM320H-XX" 
LM323K 
LM324N 
LM337K 
LM338K 
LM339N 
LM340K-XX" 

1.70 CA3021T 3.49 
1.49 CA3023T 2.99 
1.25 CA3035T 2.75 
1.35 CA3039T 1.29 
1.39 CA3046N 1.29 
1.25 LM3053N 1.49 
4.95 CA3059N 3.19 

.95 CA3060N 3.19 
5.95 CA3062N 4.95 
6.95 LM3065N 1.49 

.95 CA3080T 1.29 
1.75 CA3081N 1.69 

LM340T-XX" 1.25 CA3082N 1.69 

REPEAT OF SELL-OUT STEPPER MOTOR 
LM340H-XX" 1.25 CA3083N 1.55 
LM344H 1.95 CA3086N 80 
LM348N 1.20 CA3089N 2.99 

58 Key Unencoded Keyboard 

fl!llll'$1995 ea. 

This is a new 58 key terminal Keyboard 
manufactured by a major manufacturer.lt is 
uncoded with SPST keys unattached to any 
PC board. Solid molded plastic base mea
sures 11ff K 4" 

UV "EPROM" 

Model S·52T 

ERASER 
Model 
DE-4 
ssg95 

Holds 4 EPAOM's 
at a time. 

$325.00 

CORCOM FILTER 

-

Popular 

, COF~~~M 
6 amps5495 

Compatible line Cord Add ........ $3.50 

SWITCHER 
SPECIAL 

by ASTEC 

Originally designed for the Apple Ill 

+5@ 4.0A 
- 5 (fv .25A 

+ 12 (W 2.5A 
-1 2 @ .30A 

MM5740AAC 9.95 
AY5 2376 13.75 
AY5 3600 13.75 
UPD7201 29.95 
ULN2003 2.25 

WE STOCK 74HC & 74C CMOS 

PAUOHB $3.75 PAL14l4 
PAL12H6 3.95 PAL16l8 
PAL14H4 3.95 PAL16A8 
PAL10l8 3.95 PAL16A6 
PAL12l6 3.95 PAL16A4 

MC4024 $3.75 LM566 
6038 3.75 XA2206 

AY5-1013A $3.95 2350 
AY5-1014A 6.75 8250 
AYS-1015 6./5 IM6402 
TR1602A 3.75 IM6403 

MC14411 $11.50 COM5016 
BA1941 10.50 COM8116 

Operates by applying ~···Ejifjlji!JCJ~[(;J···~ 12VDC in one direction 
and then reversing 
polarity (or square 
wave). Uses 12VDC, 
Clock Wise Rotation, 
Rated 3 RPM at 4 
P.P.S. with a 5 degree 
stepping angle. 

$2.95 
3.25 
1.49 
6.95 
3.95 
4.95 
4.95 
5.95 
4.95 

Connector 3.95 

$1.19 
1.19 
1.75 
1.85 
2.75 
3.75 
3.75 

8275 $34.95 
7220 89.50 
COM5027 17.95 
COM5037 22.00 
8350 39.95 
6545 21.50 

ADC0800 $15.25 
ADC0804 3.95 
ADC0809 4.95 
ADC0817 9.95 
MC3470 4.95 
1408l6 1.50 
1408l8 2.95 
OAC86EX 8.95 

2791 $49.50 
2793 49.50 
2795 55.50 
2797 55.50 
6843 31.50 
8272 36.00 
UP0765A 36.00 

8T95 .85 
8T96 .85 
8T97 85 
8T98 .85 
75150 1.50 
75154 1.50 

2101 $2.75 2147 $4.75 5516 $11.95 
2102-1 .99 2016-200 4.95 6116-4 4.95 
2102l-4 1.29 2016-150 5.95 6116-2 8.75 
2102l-2 1.49 2016-100 6.95 6116LP-4 5.90 
2111 2.75 4044-4 3.95 6116LP2 10.95 
2112 2.89 4044-2 6.50 Z6132 32.50 
2114 1.49 4118 9.50 HM6264 47.50 
2114l-2 1.89 5514 3.50 6167 9.95 

8155 $9.95 8238 $4.75 8271 $74.95 
8156 9.95 8243 5.50 8272 37.50 
8202 23.50 8250 10.50 8275 34.95 
8203 36.50 8251 5.95 8279 8.95 
8205 3.25 8251A 9.95 8279-5 9.95 
8212 1.95 8253 6.50 8282 7.95 
8214 4.50 8253-5 9.95 8283 7.95 
8216 1.95 8255 5.95 8284 7.95 
8224 2.20 8255A 9.95 8286 7.95 
8226 2.75 8257 7.25 8287 7.95 
8228 3.35 8257-5 9.95 8288 24.95 
8237 18.50 8259 7.25 8289 48.50 
8237-5 21.50 8259-5 37.50 

6520 $4.25 6532 $9.75 6545A $26.50 
6522 6.75 6532A 11.75 6551 11.50 
6522A 8.50 6545 21.50 6551A 12.95 

6810 $2.75 68B40 $17.95 68850 $5.75 
68610 6.75 6843 31.50 6852 5.50 
6820 4.25 6844 25.00 6860 7.75 
6821 3.75 6845 14.75 6875 6.25 
68821 6.75 68B45 17.50 6880 2.50 
6828 12.50 6847 11.75 68047 22.95 
6840 1·2.50 6850 3.50 68488 19.-50 

Z80CTC S3.95 ZBODART $10.75 ZllOASIOI1 $12.50 
ZSOACTC 4.75 ZBOADART 10.95 ZBOSI0/2 \1.50 
ZSOBCTC 9.75 ZBOBDART 18.95 ZBOASI0/2 12.50 
ZSOPIO 3.95 ZBOSIOIO 11.50 ZBOBSI0/2 36.00 
ZBOAPIO 4.75 ZBOASIOIO 12.50 ZBOSI0/9 11.50 
ZBOBPIO 12.50 Z80SIQI1 1\.50 ZBOASI0/9 12.50 

- LOW PROFILE 
SOCKETS (TIN) 

1-24 24-49 

8 pin LP 16 15 
14 pin LP .20 19 
16 pin LP 22 21 
18 pin LP .29 .28 
20 pin LP .34 .32 
22 pin LP .29 27 
24 pin LP .38 ,37 
28 pin LP .45 44 
40 pin LP .60 .59 

3L WIREWRAP 
SOCKETS (GOLD) 

1-24 25-49 

8 pin W'oN 55 54 
10 pin W'oN (Tin) 65 .63 
14pinW'IN 75 .73 
16 pin W'oN .80 . 77 
18 pin W'oN .95 90 
20 pin WW 1.15 1.08 
22 pin WW 1.45 1.35 
24 pin W'oN 1.35 1.26 
28pinWW 1.60 1.53 
40 pin W'oN 2.20 2.09 

50·100 

.14 

.18 

.20 

.27 

.30 

.24 
36 
.43 
.58 

50-100 

.49 

.58 

.67 

.70 

.81 

.99 
1.23 
1.14 
1.38 
1.89 

LM350K 5.60. CA3096N 3.49 
LM358CN .98 CA3097N 1.99 
LM360N 1.49 CA3130T 1.30 
LM372N 1.95 CA3140T 1.19 
LM376N 3.75 CA3146N 2.49 
LM377N 2.75 CA3160T 1.19 
LM380CN/N 1.25 CA3190N 1.95 
LM381N 1.79 CA3410N .59 
LM383T 1.95 MC3423N 1.49 
LM386N 1.25 MC3460N 3.95 
LM387N 1.40 SG3524N 3.95 
LM390N 1.95 CA3600N 3.39 
NE531VfT 3.75 LM3900N .59 
NE555V .39 LM3905N 1.19 
NE556N .98 LM3909N .98 
NE561T 19.95 LM3914N 3.75 
NE565N/H 1.25 LM3915N 3.95 
NE566HN 1.75 LM3916N 3.75 
NE567V/H 1.50 RC4131N 2.95 
NE592N 2.75 RC4136N 1.10 
LM702H 1.99 RC4151N 3.70 
LM709NIH .29 RC4194TK 4.95 
LM710N/H .75 RC4195TK 5.40 
LM711N/H .39 ULN2001 1.25 
LM715N 1.95 ULN2003 1.50 
LM723N/H .65 SN75450N .59 
LM733N/H 98 SN75451N .35 
LM739N 1.15 SN75452N .49 
LM741CN/H 33 5N75453N .49 
LM741CN-14 .19 SN75454N .49 
LM747N/H .75 SN75491N .89 
LM748N/H .39 SN75492N .89 
LM760CN 2.95 SN75493N .89 
LM1310N 1.90 SN75494N 89 
MC1330 1.95 TL494CN 4.20 
MC1350 1.95 TL496CP 1.65 
MC1358 1.75 TL497 4.95 

74500 $ .39 748124 $3.69 748244 $2.99 
74802 .43 748133 54 748251 1.35 
74803 .45 745134 .66 745253 1.35 
74804 .89 745135 1.15 748257 1.29 
74505 .52 745136 1.69 748258 1.29 
74808 .49 745138 1.99 748260 75 
74509 .49 748139 1.29 748280 2.79 
74510 .42 745140 .73 748287 2.99 
74811 .42 748151 1.29 748288 2.55 
74515 .42 745153 1.29 748373 3.10 
74520 .42 745157 1.29 745374 3.10 
74522 .42 745158 1.29 745387 2.75 
74530 .42 745160 2.79 748471 7.95 
74832 .49 745174 1.49 748472 7.95 
74538 1.19 745175 1.49 748473 7.95 
74840 49 745188 2.69 745474 9.95 
74551 42 745194 1.89 748475 9.95 
74864 .46 745195 1.89 745570 5.75 
74565 .46 748196 1.89 745571 5.75 
74874 99 748240 2.75 745572 8.95 
74886 .72 745241 2.75 745573 8.95 
748112 72 748242 2.99 745940 2.90 
748113 .72 748243 2.99 745941 2.90 
748114 72 

DIP 

~ SWITCHES 

2 Position $ .99 7 Posilion $1.39 
4 Position 1.19 8 Position 1.49 
5 Position 1.29 9 Position 1.65 
6 Position 1.35 10 Position 1.69 

MUFFIN® FAN 
The dependable, low 

IJ 
cost, largest selling fan 
for commercial cooling 
applications. 

• 1 05clm free air delivery 
• 4.68" sq. K 1.50" deep. 
• Weight - 17 oz. 

SPECIAL PURCHASE 

$9.50 ea. 

$~~:~~ 1g:ggg $~~:~~ * CRVST ALS * 
10.95 12.000 10.95 $2.95 5.7143 $2.95 14.318MHz 
10.95 16.000 10.95 2.95 6.000MHz 2.95 15.000MHz 
10.95 18.432 10.95 1.95 6.144MHz 2.95 16.000MHz 
10.95 19.6608 10.95 2.95 6.5536MHz 2.95 18.000MHz 

1~~~11!:~~~~~~~~~~~~1~0.~95~~2--0.00~0~~10~.9~5·~~~i-='~;~~~2.95 8.000MHz 2.95 18.432MHz 
10.95 22.1184 10.95 2.95 10.000MHz 32.000MHz 

$5.75 24PIN21F $7.95 

34702 - 12.75 MM5307 

76477 $3.50 
76488 5.90 

Mail Order: P.O. Box 17329 Irvine, CA 92713 
Retail: 13108 E. Edinger, Santa Ana. CA 92705 

(714) 558-8813 
76489 8.50 
AY38910 8.95 Digitalker 
AY38912 12.50 MM54104 

5.95 28PIN21 F 9.50 
7.75 40PIN21 F 10.75 
7.95 64PIN21F 19.95 

ISUU·IS:J4·1S~;iU 
TWX 

91 0-595-1565 
542 W. Trimble. San Jose. CA 95131 

(408) 946·7010 

CIRCLE 80 ON FREE INFORMATION CARD 

7400 $ 19 7475 $ .38 74161 $ .69 
7401 19 7476 34 74162 69 
7402 19 7479 4.60 74163 69 
7403 19 7480 .49 74164 69 
7404 .19 7482 95 74165 69 
7405 .23 7483 .45 74166 1.20 
7406 Call 7485 55 74167 2.95 
7407 Call 7486 .35 74170 1.49 
7408 24 7489 1.75 74172 4.75 
7409 .19 7490 35 74173 .69 
7410 .19 7491 45 74174 .69 
7411 .24 7492 45 74175 .69 
7412 .24 7493 35 74176 .69 
7413 .29 7494 69 74177 .69 
7414 .49 7495 50 74179 1.34 
7416 Call 7496 69 74180 75 
7417 Call 7497 2.90 74181 1.75 
7420 19 74100 2.90 74182 75 
7421 .35 74107 24 74184 2.25 
7422 .29 74109 .37 74185 2.25 
7423 1.19 74116 1.25 
7425 .29 74121 29 
7426 .29 74122 39 74190 1.15 
7427 25 74123 .45 74191 1.15 
7429 45 74125 .39 74192 .75 
7430 18 74126 .44 74193 .75 
7432 .29 74128 .59 74194 .75 
7437 .25 74132 .45 74195 .68 
7438 .29 74136 .75 74196 .75 
7439 1.19 74197 .75 
7440 .19 74141 .65 74198 1.29 
7441 79 74142 2.95 74199 1.29 
7442 45 74143 4.50 74221 1.19 
7443 95 74144 2.95 74251 .69 
7444 .65 74145 .59 74273 1.05 
7445 .79 74147 1.69 74276 1.89 
7446 .79 74148 1.19 74279 .75 
7447 65 74150 1.09 74283 1.40 
7448 .79 74151 .49 74284 3.69 
7450 19 74152 .67 74285 3.69 
7451 .19 74153 49 74290 .89 
7453 .19 74154 1.19 74298 .95 
7454 19 74155 .69 74365 65 
7459 25 74156 78 74366 65 
7460 .23 74157 .49 74367 .65 
7470 29 74158 1.65 74368 .65 
7472 29 74159 2.49 74390 1.45 
7473 29 74160 .79 74393 1.90 
7474 34 74490 1.90 

74LSOO 

74LSOO $ .26 74L5113 $ .39 74l5245 $2.99 
74LS01 25 74LS114 .39 74LS247 1.10 
74LS02 .25 74LS122 .49 74LS248 1.10 
74LS03 25 74l5123 1.19 74l5249 1.19 
74LS04 .69 74LS124 2.75 74LS251 1.40 
74LS05 25 74l5125 .69 74L5253 1.40 
74LS08 .25 74LS126 .49 74LS257 85 
74LS09 .25 74LS132 .59 74LS258 .98 
74L510 25 74LS136 49 74LS259 2.95 
74L511 39 74LS138 .59 74LS260 .65 
74L512 33 74LS139 59 74LS261 2.49 
74L513 .39 74LS145 1.25 74LS266 .59 
74L514 .59 74L5148 1.49 74L5273 1.75 
74L515 33 74LS151 99 74LS275 4.40 
74L520 .26 74LS153 99 74LS279 59 
74LS21 .29 74LS154 1.70 74LS283 99 
74LS22 29 74l5155 1.19 74LS290 99 
74L526 29 74LS156 1.49 74LS293 .99 
74L527 29 74LS157 1.49 74LS295 1.10 
74L528 29 74L5158 1.49 74L5298 1.19 
74LS30 .25 74LS160 1.49 74LS324 1.75 
74LS32 .33 74LS161 1.49 74LS347 1.95 
74LS33 55 74LS162 1.49 74LS348 1.95 
74LS37 .35 74LS163 1.49 74LS352 1.19 
74LS38 39 74LS164 1.49 74LS353 1.19 
74LS40 25 74l5165 1.49 74LS363 1.49 
74L842 .59 74LS166 2.48 ii4LS365 .99 
74L847 79 74LS168 1.15 74LS366 99 
74LS48 79 74LS169 1.15 74LS367 .99 
74L551 25 74LS170 1.99 74LS368 .99 
74LS54 29 74LS173 89 74LS373 2.99 
74LS55 29 74LS174 89 74LS374 2.99 
74LS73 .39 74LS175 .89 74LS375 .69 
74l574 .99 74L5181 2.20 74LS377 1.95 
74LS75 .39 74LS190 1.15 74LS385 1.95 
74LS76 39 74LS191 1.15 74LS386 65 
74LS78 45 74LS192 .98 74LS390 1.95 
74LS83 59 74LS193 98 74LS393 1.95 
74LS85 69 74L5194 1.15 74LS395 1.70 
74LS86 39 74LS195 95 74LS399 2.35 
74LS90 57 74L5196 .89 74LS424 2.95 
74L592 .49 74LS197 89 74LS868 1.75 
74LS93 .59 74L5221 1.15 74LS670 2.29 
74LS95 .79 74LS240 1.99 81LS95 1.69 
74L596 .89 74LS242 1.99 81L596 1.69 
74l5107 .39 74LS243 1.99 81LS97 1.69 
74LS109 39 74LS244 1.99 81LS98 1.69 
74L5112 .39 25LS2521 2.95 25LS2569 4.95 

4000 $ .29 4037 $1.95 4089 $2.95 
4001 .24 4040 .75 4093 .45 
4002 .24 4041 .75 4094 2.95 
4006 .79 4042 .65 4098 2.29 
4007 .25 4043 85 4099 1.85 
4008 .95 4044 .69 14408 12.95 
4009 39 4046 .80 14409 12.95 
4010 .39 4047 89 14410 12.95 
4011 .24 4048 .99 14412 12.95 
4012 24 4049 .35 14415 8.95 
4013 35 4050 .34 14419 4.95 
4014 .75 4051 .75 4501 39 
4015 .39 4052 .75 4502 95 
4016 .35 4053 .75 4503 .6~ 
4017 .65 4055 3.95 4505 8.95 
4018 .79 4056 2.95 4506 .75 
4019 .39 4059 9.25 4507 .95 
4020 .69 4060 .85 4508 1.25 
4021 .69 4066 39 4510 .79 
4022 .69 4069 28 4511 .79 
4023 25 4070 35 4512 .79 
4024 59 4071 .28 4514 1.18 
4025 25 4072 .28 4515 1.79 
4027 45 4073 .28 4516 1.45 
4028 .65 4075 .28 4518 .85 
4029 .75 4076 .75 4520 75 
4030 .45 4077 .35 4555 .95 
4031 3.25 4078 35 4556 99 
4032 2.15 4081 29 4566 2.25 c... 
4034 1.91 4082 .29 80C95 1.50 c 
4035 .79 4085 95 80C97 1.25 

~ 
TEAMS: MO. Cashier"s Check. Bank Wire. Personal checks 
allow 2 weeks lor processing. Include Drivers License and co 
credit card #s Visa. AMEX. CB add 3% service charge. Add 00 
3% shipping & handling or $2.50. whichever is greater. Add -1>-
10% lor lore1gn orders or US Parcel Post Include Telephone 
number. NO COOs. Prices subject to change Without not1oe. 
Some i!ems subject to prior sale. We reserve the right 10 
substitute manufacturer. Retai!pricesmayvary 89 
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RARE parts and surplus electronics bargains. RF. 
linear. digital computers , robotics. Free catalog. 
ODD BALL ELECTRONICS, PO Box 879R, Dun
canville , TX 75116. 

VCR P.rotective cover clear vinyl 187/a x 15V2 x 5 
beautifully made $11.95. WINDOW MOODS, 8228 
Scotts Level Road. Baltimore, MD 21208. 

CONNECTORs-audio. co-axial , aviation. comput
er, industrial, and many other types. Send $2.00 for 
complete price list and ordering information. 
Largest inventory in country. CONNECTOR TECH· 
NOLOGY INC., 5A Veronica Ave .. Somerset. NJ 
08873. 

DELUXE Cable/UHF converters. All systems. 
Zenith SSAVI-1 $225.00, SB-3 $89.95, N-12 $79.95. 
$2.00 catalog. PRECISION VIDEO, PO Box 1323. 
Elgin, IL 60121. 

WHOLESALE indoor antenna $14.00. Master video 
control center $30.00. (212) 897-0509. D&WR, 
68-12110 St. , Flushing. NY 11375. 

TUBEs- All types, discount prices. Many antique 
and hard-to-find types. Send $1.00 for 16-page cata-

.~USA N~w:oo;:L'::~~:,l~~:N~E~~~:~~o~~ER 
•. .7::-.L Receive all the EXTRA CABLE TV "MIDBAND" & SUPERBANO 

~ r ~ CHANNELS on your UHF DIAL 
Ellmlnatesthenee<llorrentlngorLeaslng. Thlssystemtakes 
the "mldbel'ld" and ··superband" ehani"I81B your TV, VCR or r.===== prOjector can't receive and converta them to standard UHF \::. .. :-: = =~ c:.l cha~n:;~;;';~~ -;:~~~~~~·~~G FROM CABLE TVI 

The system allows you to ~ram both pay (pay TV decOder required} an<l standard 

~~~8hl~;·;~ii:er~t~~~~~~n8;~~~-- white you are NOW $28.95 ... 
Simple to Install end operate on any make of TV wlth UHF. PLUS POSTAGE 

NOW AVAILABLE 
NEW TUNEABLE DELUXE MODEL CVU-1000 '34.95u. 

'\SJ'wiNaGAIIID 7·ELEMENT 
75 OHM UHF YAGI ANTENNAS 

OPTtONAL 
Wlnegard 

UHF Antenna 
Preamp 

18dbGaln 
NF·1.8db 

'39.95 ... 

12 db GAIN 

SpecJtr Cllann.l 

'8.95EA. 
&OR MORE 

'7.95EA. 

CABLE w~~ 
CONNECTOR ~ 
F·SSI Male connector for RG· 
59/U cable. Complete with fer
rule. Mates with female "F" 
connectors. 

100 for '1 0.50 
20cea. 

SANYO UHF VARACTOR TUNERS 
75 Ohm Input - 45 MHz Output 

For Channels 14 · 83 

-

Now! 
MODEL $16.95 

115-8-403A EACH 

AUunltsarebrandnewfromSanyo 
Call lot Quutlfy Ptlca 

NEW 1984 
B&K AUTO/MANUAL 

RANGING 
MULTIMETER 

fully 
DIGITAL 
RS232 
Interface 

For Free Sound Info 
Call 1-800-233-3865 
or write WERSI USA 

Dept. M 8 P.O. Box 5318 
Lancaster, PA 17601 

log. We buy antique tubes. ANTIQUE ELEC
TRONIC SUPPLY, 1725 W. University. Tempe, AZ 
85281. 

CHANNEL 3- 60dB notch filter. 63.5MHz. $32.00. 
CROSLEY, Dept., 763, Box 840, Champlain, NY 
12919. 

FREE pay-TV reception. "How-to" book. HBO. 
Showtime. Cinemax. $4.95. DIPTRONICS, PO Box 
80E. Lake Hiawatha. NJ 07034. 

SENSATIONAL! feature loaded three channel light 
chaser/color organ w/dimmer. 800 watts/channel, 
$295.00. DESIGN SPECIALTY, Box 1995, Hunt
ington Beach. CA 92647. 

UHF TUNERS POPULAR IC's 
TOP QUALITY 

,. ..... "'-" !tSMHz NO SECONDS 

Output 

Click Stop Detent Tune 
model. Excellent lor replace. 
ment use or experimental 
work building UHF receivers 
lor ham or TV. 

WHILE THEY LAST 

'3.95ea. 
10 or mon '2.99 ••· • POPULAR 

MICROWAVE 
PARTS 

MRF-901 ................ $2.39 
9-Up. .. . . 1.95 

MAF·911... 3.48 
9-Up... 3.12 

MB0-101 ......... .. . 58 
CHIP CAPS· .001 mtd . . .50 

"" LM-380N 
LM·366N-3 
LM-5&5N 
LM-733N 
MC-1330 
MC-1349 
MC-1350 
MC-1352 
MC-1358 
MC-1374P 
MC-1458 
MC-1496N 
LM-1669 

LM-7805 
LM-7808 
LM-7812 
LM-7815 
LM-7818 
LM-7824 

OESCRIPTIOI\I ,.. 1Q·UP 

2 watt Audio Power Amp $U9 $.89 
Low Voltage Audio Amp 1.59 1.19 
Phase Locked Loop 1.49 .99 
VIdeo Amp '" .96 
VIdeo Detector 2.29 1.69 
VIdeo If Amp 2.06 1.55 
VIdeo If Amp 1.75 1.19 
VIdeo If Amp AGC 2.69 2.09 
Audio If Amp 1.75 .... 
R.F.Moclulator 3.19 2.39 
Dual Comp. Op Amp .88 .59 
Belallced Mod/Demodulator 1.79 '·"' VIdeo Modulator 2.79 1.95 
LIN£ARVOLTAGEREGULATOAS 
5Volt Positive Volt. Reg. 1.19 .89 
8Voi!PosltlveVolt.Reg. 1.19 .89 
12Volt PoaiiiYeVoll. Reg. 1.19 .89 
15Volt PosmveVott. Reg. 1.19 .89 
18Volt PoslUveVolt Reg. 1.19 ·" 24VoltPosiUveVolt Reg. 1.19 .89 

26-Up..... . .. . . .. . .30 THE ORtGINAL NE-584 IS NOW BACK IN STOCK! 
2N6603ttotmlftyMRF-902) .. . 11.96 

WAHL SOLOE 
Your Cholc 

MODEL 7470 
T•mper•tu.-.Adju•ta 
MtcroSoldttt1ng St•U 
Co:npact.~to700'F 
Perte<:t for microcircuits 
alldflnemfg Grounde<l 
tip. COmeS With 3/32" " 
Blypetip.tipwiplng 
spo119e&sta1"10 
3·wire groundeo:l 
power supply cord 

S3.50 E•ch 

fiiEBRAMOMEW '\S:fwiN•QAAD 

'Pbone·~·'fenni 
EXTENDS CORDLESS TELEPHONE 

RANGE UP TO 3 TIMESI 

Introductory 
Special 
$37.95 

Llal .... 
IN.Z5 

ORDER NOW R 
~ TOLLFREE .F. ELECTRONICS OPEN • 

800·854-4655 TUES FRI 
• OUTSIDE CAliFORNIA d]!J 1086 C N STATE COLLEGE BLVD DEPT R (':e.:;.., 10 ti 

- 714-635·5090 ANAHEIM CALIFORNIA 92R06 ....aJ~l\1< SAT 10 5 
~~~ ·~ ,_;.o CLOSED SUN & MON 

- INSIDE CALIFORNIA PERSONAL CHECKS HElD FOR CLEARANCE -NO MINIMUM O·R~ER 
All PREPAID ORDERS 2 LBS OR LESS MUST INCLUDE $2 50 SHIPPING & HANDLING- SHIPPED SAME DAY RECEIVED 

CIRCLE 27 ON FREE INFORMATION CARD 

DESCRAMBLERS 
AMERICAN-CANADIAN 

New Satellite Oescramblers 
C-1000 I ZENITH TYPE 

-

Oescrambles "over the air" and 
"cable"· sync suppressed aclive 

~- video inversion signals 
,...-. . . .• Ready to go c- t 000 . . . 379 . 95 

. !-"" : ~~i~t~~t~ir~~it ~ 'J~~~al 27z~.:~ 
C-100 I JERROLD TYPE 

Cable Oescrambler for in-band gated 
suppressed syslems . 

Ready to go C-100 . 119.95 
Complete Kit C·100K. 54.95 

SEND $2 FOR COMPLETE INFORMATIVE CATALOG TO 
DETERMINE WHAT TYPE YOU NEED . 

Buy 1 kit 
Get 2nd kit 
at 112 price 

J I D ENGINEERING 
P.O. Box 6099 

Falmouth, Maine 04105 

Dealers Wanted 
Special Quantity Pricing 

coo·s-OK 

All J & D products are engmeered not cop1ed . all are guaranteed 
90 days & we stand behmd our products where others la1l to 

LATEST bug-detection equipment for home or of
fice. Literature. $1.00. CLIFTON, Box 220-X. Miami, 
FL 33168. 

RESISTOR assortment. 2200pcs. V•w5% C-film. 
110 std. values, 20pcs. each individually packed. 
$29.95 postpaid. Check/MO accepted. COD add 
$2.00. BENNETT CO. 1271 Merchandise Mart, Chi
cago,IL 60654. 

TRANSISTORIZED soft start. slop incandescent 
lamp adapter. No dimming. greatly increased life. 
reduced. "EM I". $4.95, 60 watt control. Free de
scription. AL TEMPS ENTERPRISES, 720 
Smithtown Ave., Bohemia, NY 11716. 

NOTEBOOK of subscription TV descrambler tech
nique (sinewave system). TV Companies de
scramblers technique. 38 pages full of things. NE 
564 substitute, video improvement. Mitsumi, Amnec 
tuner modification. waveforms, troubleshooting and 
more. $21.50. ADVANCE ELECTRONICS, PO Box 
3298, Culver City, CA 90231. 

CABLE-TV manual: How to turn on cable TV. Con
verters and descramblers for all programmable and 
addressable systems. Send $10.00 cash or money 
order to MODERN TECHNOLOGICS, PO Box 419-
At. Boston. MA 02186 . 

CCTV package : B/W camera. 16mm lens, 9" 
monitor. camera mount, 50 ft. coaxial cable-
$325.00. A. LIPTON INC. 29 West 47th St. New 
York, NY 10036 (212) 944-1373. Your CCTV head
quarters! 

SCOTCHFLEX breadboard IC sockets and tools. 
Free price list. A. HARTMANN, 9118 Hipkins Rd. 
SW. Tacoma. WA 98498. 

NEWEST cable-TV facts. Manual includes: scram
bling and descrambling theory, schematics of popu
lar de scramblers and converters. secret techniques 
and more. $9.95 plus $1.50 shipping. Free catalog. 
ELECTRON, Box 169, 17 N. State St.. rm 1222. 
Chicago, IL 60602 

BRADFORD parts 50% off-"JOE" TROY TV 
PARTS, 76 Second Ave., Troy, NY 12180 

PROFESSIONAL quality solder, solderin~ irons, 
hardware. at discount prices. Free gift w1th pur
chase. Send stamp for prices to TECHNICAL 
ELECTRONIC PRODUCTS, PO Box 295, Purdy's 
NY 10578. 

MICROWAVE generators. Manual tuned-
3.7-4.2GHz. $51.16; 2.1-2.2GHz, $61.16. Voltage 
tuned (1" x 2"PCB)-2.1-2.5Ghz. $24.95; 
18-2.1Ghz. $24.95. Send SASE ROENSCH MI
CROWAVE, RR N0.1 Brookfield, MO 64628. 

HIGH-gain UHF antenna: outperforms most UHF 
antennas of its size: includes hardware, 50' cable, 
and balun; guaranteed. Send $64.95 to ERD, 26 
Meadow Street. Littleton. NH 03561 (603) 
444-5559. 
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CT -70 7 DIGIT 

RAMSEY 0-1100 
VOM-MULTITESTER 
Compact and reliable, de
signed to service a wide vari
ety of equipment. Features in
clude • mirror back scale 
• double-jeweled precision 
moving coil • double over
load protection • an ideal low 
cost unit for the beginner or 
as a spare back-up unit. 

$1995 
test leads and battery 
included 

CT -90 9 DIGIT 
525 MHz COUNTER 600 MHz COUNTER 
Lab quality at a breakthrough price. 
Features • 3 frequency ranges each 
with pre amp • dual selectable gate 
times • gate activity indicator 
• 50mV @ 150 MHz typical sensitivity 
• wide frequency range • 1 ppm 
accuracy 

$11995 

The most versatile for less than $300. 
Features 3-selectable gate times • 9 
digits • gate indicator • display hold 
• 25mV @ 150 MHz typical sensitivity 
• 10 MHz timebase for WWV calibra
tion • 1 ppm accuracy 

$14995 
wired includes AC adapter 

THE FIRST NAME IN 
ELECTRONIC TEST GEAR 

NEW FROM RAMSEY-20 MHz 
DUAL TRACE OSCILLOSCOPE 
Unsurpassed quality at an unbeatable price, the Ramsey oscilloscope 
compares to others costing hundreds more. Features include a compo
nent testing circuit that will allow you to easily test resistors, capacitors, 
digital circuits and diodes • TV video sync filter • wide bandwidth & 
high sensitivity • internal graticule • high quality rectangular CRT 
• front panel trace rotator • Z axis • high sensitivity x-y mode • very 
low power consumption • regulated power supply • built-in calibrator 
• rock solid triggering • high quality hook-on probes 

$39995 highquality 
hook-on probes included 

RAMSEY 0-2100 
DIGITAL MULTITESTER 
A compact easy to use unit 
designed to operate like a pro. 
Featuring • JV2 digit LCD • low 
BAT. indicator • all range over
load protection • overrange indi
cation • auto-polarity • Transis
tor tester • dual-slope integra
tion • vinyl carrying case 

$5495 
hFE test teads, battery & vinyl 
carrying case included 

"'}'~' xil~4""~~~-~- ~ "~ 
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CT -125 9 DIGIT 
1.2 GHz COUNTER 
A 9 digit counter that will outperform 
units costing hundreds more. • gate 
indicator • 24mV@ 150 MHz typical 
sensitivity • 9 digit display • 1 ppm 
accuracy • display hold • dual inputs 
with preamps 

$16995 
wired includes AC adapter 

RAMSEY 0-3100 
DIGITAL MULTIMETER 
Reliable, accurate digital 
measurements at an amaz
ingly low cost • In-line color 
coded push buttons, speeds 
range selection • abs plastic 
tilt stand • recessed input 
jacks • overload protection 
on all ranges • 3V2 digit LCD 
display with auto zero, auto 
polarity & low BAT. indicator 

$5995 

·-· .·,.;, 
iii 

CT -50 8 DIGIT 
600 MHz COUNTER 
A versatile lab bench counter with 
optional receive frequency adapter, 
which turns the CT -50 into a digital 
readout for most any receiver • 25 mV 
@ 150 MHz typical sensitivity • 8 digit 
display • 1 ppm accuracy 

$16995 
wired wired includes AC adapter 

CT-70 kit. $99.95 
BP-4 nicad pack ................ 8.95 

CT-90 kit. $129.95 
OV-1 0.1 PPM oven timebase ... 59.95 
BP-4 nicad pack . . . 8.95 

BP-4 nicad pack ....... 8.95 CT-50 kit. $139.95 
RA-1 receiver adapter kit ....... 14.95 

DM-700 DIGITAL 
MULTIMETER 
Professional quality at a hobbyist 
price. Features include 26 different 
ranges and 5 functions • J Y2 digit , Y2 
inch LED display • automatic decimal 
placement • automatic polarity 

PS-2AUDIO 
MULTIPLIER 
The PS-2 is handy for high resolut ion 
audio resolution measurements, mul
tiplies UP in frequency • great for PL 
tone measurements • multiplies by 10 
or 100 • 0.01 Hz resolution & built-in 
signal preamp/ conditioner 

$4995 
wired 

PR-2 COUNTER 
PREAMP 
The PR-2 is ideal for measuring weak 
signals from 10 to 1.000 MHz • flat 25 
db gain • BNC connectors • great for 
sniffing RF • ideal receiver/TV 
preamp 

$4495 
wired includes AC adapter 

PR-2 kit . $34.95 

CIRCLE 79 ON FREE INFORMATION CARD 

,I 

PS-1 B 600 MHz 
PRESCALER 
Extends the range of your present 
counter to 600 MHz • 2 stage preamp 
• divide by 10 circuitry • sensitivity 
25mV @ 150 MHz • BNC connectors 
• drives any counter 

wired includes AC adapter 

PS-18 kit. $49.95 

c.... 
c 
~ 
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Sw"ctqthollo 
111t914-J 

3 AMP SILICON RECTIFIER 

~~~ 

1~52311 S.1V5"500..WZ ... I111151l-J 
1~52328 uvs"soo..wz-nl1752l"""'J 
1~52338 UV5"soo.wz ... 
1N52JC8 8.2VS"SOO..WZ.,.t111753l .... J 
11152358 uvs~~osoo..wz ... niiiiSIB-J 

11151388 I .SVS"SOO.WZ-111119588-J .24 
1N5231BB.2V5"500..W2-111!9598-J .24 
11152388 1.1VS!Io500..Wl- .24 
1~52398 9.1Vti!loSDO..WZ..ilN9608-J 24 
111524011 10VS" SOO..WZ.. I11119618 .... J 24 

11152411 11V5!1oSDOonWZ..i1119628-J 2C 
1~52428 !2V5"S00..W2-11119638 .... J 24 
11152438 13VS!Io500mWZ..I1"116-18-J .24 
11152446 14 VS!IoSOOtoWl- 24 
11152(511 15V5!1.SOO.OW:Z..I1"11658-J 24 

111SHH 11YS!IoSOOooW2-1111!16BB - J 24 
11152CII11V5!1oSDlbW2- .24 
1115248118VS!I.SOO..WZ-11119671-J 2C 
1~52498 19YS"~WZ- 24 
11152501 20YS!I.SOO..W2-IHI9688-J 2C 

1NS2518 22VS!IoSOO..WZ..i1119818-J 2C 
111S25282CVS'loSIIOooWl-11119708-J 24 
11152Sl8 25YS!Io501bWZ- .24 
111525C827V5"SOOMW2-11119118-J .2C 
1M515511 l!VS!Io500..W2- .24 

11152588 30H"SDO..WZ... IHIIII28-J .24 
1N5151133YS!IoSOOeW2-11119138-J 24 

AtdDitfuMd P300 
R.-ICIN r P301 
Gr" n Cie"' P302 

E:oi;~ = 
Amber Dit!uNd P306 
0t•119f1Ditlu- P307 
R.-I CIMr P308 
Green Cieor P3Q9 
Am.,.,_CIMr P310 
Rt<!ClMr P311 
GrMn O..r P312 
Amber"OllfuNd P31C 
Rtd DilfuNd P315 
GreenD1tluNd P316 
AmbtrDitfuNd P311 
Red DitfuM<I P318 
GrMnDolfuled 1'319 

~:.~:~~ ~ 

..... -10 140-

2.20 19.50 5 

t~ :::: ~ 
2.20 19.50 5 
2 .20 19.50 5 
2.20 19.50 5 

~::J ~::: ; 
~:~ :::E ~ 
2.20 19.50 c 

~:~ ~=:~ J:s 
~: :~ ::: ~~ 

l~ ::5 :~:i 
2.41) 20.110 1~2 

'" J.IO 

)I. W8U • Te mpetlh.t<e C...llicl.no · 1110 ppmi'C 
Mu.RC W V: 2SOV M ... Voltoogit:500\f 
Die!.<:1ti<; WilhatandingYohage:500Y 

Sl~n<l~r<l Resos1ot \falun !rom 10 10 1.00M ol>mo 
STAND ... RD RESISTOR VALUE TABlE 

25.10 STA NDARD RESISTOR V ALU E 

::; 1::: 

The D191 l<ey volumed1~count and ha ndl ng c"arge~ ore Simple to apply Mos t •lems ~old by D g1 Ke y may be comb ned foro volumt> d1~couo1 lle1ns lhol ore no• d 1~countobt~ are Ld('olof Pd by the HANDLING CHARGES VOLUME DISCOUNT 
suff1x NO follow1ng I he parloumber After Wtllmg your order IOIOJI oil of thl' d1Houn1ohle llPms and apply the oppropr J!t> d •cou 11 I o •h1 ~ subtotal od1 •hr non d >Ue~H "Gb1e IE:>~\ I' t>n rdd $ 0 OO $ 9 9 9 A d d Sl 00 s 0 00 s 99 99 N ET 
the tondhog charge We pay oil sh1ppmg and owronce to arldre~ses 1n th(' U <,A Canedo ond 'ile x co when ched or mone v crder occomponu.>s ordPr s 10 :0 0 S25 00 A d d SO 7 5 s 10 0 00 $249 9 9 l o ss 10°. 

WHIN OIOlRING BY PHONI , CALl I ISOO 346 STU (Mn , U H1 coli 2111 611 1 6674) By rnod ••nd yovr ordt r to OIGII((Y Htghwor 32 5ovth Tlutf ltvtr foll1 MN 56701 s 2.5 00 $49 99 Add SO. SO S 2.50 00 549 9 .9 9 l ess 15•. 
You may pay by checl< money order Mo\ ter Charge VISA or C 0 D DIGI-KEY GUARA NTEE: Any M ·~or r orluCI> pur how<1 from D Q Kev 'h'IT pro~P to ~ .. Je ff' t '' " woll bP S 50 0 0 S99 99 Add SO 2.5 S 50 0 0 0 S999 99 Lo ss 20•. 
replaced or refunde d 1! re t 1rned w1th.n 90 days from rece1pt w1lh a copy of vour ·n~o<ce p , , 1 1 ~ t , S100 00 & U p No Charge $ 10 00.0 0 & Up l ess 25•. 
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10 116 16 l.&ol 12.83 
22 116 .21 1.7~ 1~.4(1 
33 116 21 1.n 1~.n 
~1 116 ~ 2.00 16.55 
100 116 .28 2.:M 19.63 

I iii .~ !IIi 
4100 1161.5713.40111.88 
81!00 116 1.9&17.00 ,.1 .83 
2.2 /'JS .181.114 12.83 
3.3 /'JS .181.114 12.83 
4.7 /'JS .18 1.114 12.83 
10 /'JS 181.114 12.83 
22 /'JS .221.83 15.22 
33 /'JS -~ 2.00 18.55 
47 /'JS .28 2.34 19.63 

iil]lfii~ 
3300 11!> 1.a1 13.n "'·n 
~~ ;~ ':: '~:~ 1~~:: 
u a:i .:: u: a:~ 
10 1'15 .21 t.n 1•.111 
22 /Y, .24 2.00 16.66 
33 135 .28 2.:M 19.63 

I 11 .I ~-~ 1:~ 
1000 I:J5 98 8.38 1!19.1!10 
2200 1315 1.01 13.n 11~.11 
3300 1351.9917.00141.63 

131.11 
.13 1.11 
. 14 1.t9 
19 1.1!0 

.21 1.111 

.231.90 
-~ 2.0(1 
.40 3.42 
52 U6 

.64 5.42 

~~ :: l -~~ ~:~ 1~:: 13 t.08 
I 1!10 18 t.64 12.153 131.08 
1 160 " 1.64 12.83 131.08 

H lE .i, !:~ lt~ ·l! l:~ 
10 1!10 2~ 2.00 16.1!6 16 I.:J5 
22 !60 28 2.:M \9.63 221.83 
33 1!10 32 2.1!19 27 .43 231.90 
<f1 1!10 .36 3.0ol 25.33 24 2.015 
100 /!iO 46 3.111 31.54 .36 3.08 
220 /50 81 6.18 43.15 5:z U6 
330 1!0 76 6.50 !>4.1. 83 7.06 
~10 /50 92 7./f7 66.!i5 92 7.84 
1000 /501.25 10.71 89.271.3111.16 

~ il ·~ 'j~ 'l!! !I !~ :!R 
10 /ti:J .28 2.:M 19.63 \81.60 12.43 

t li ·5 !:ll 1:5 :~ ~:~ i:i 
~ ~~ .: ~:~ ~u: :~ ~:;! ~:~ 
470 /ttJ 1.015 8.9' RS2 .99 8.43 70.19 
1000 1831.6413.99 116.!i5 1.BI!t4.t7118.03 
2200 183 2.6122.3111!15.39 

40'Cio • 8S"C 
0.01~f2~~~-0..f 

"' 1.0'!1. 
IOOOMQ·I'f 
Negligible 

~':'.ig;.?,!; 
200~~300 

';; . -M 
0.001 " " '·"' ~., 

0.0012 ·" " 
,., 5HO 

0.0015 ·" " '·"' ~., 

0.0018 " " '·"' ~::g ··= ·" " 
,., 

0.0027 " " '·"' ~ . ., 
··= ·" " '·"' ~., 

~:~ " " 
,.., ~ . ., 

" " '·"' ~., ..... ·" " '" ~., .... " " '·" ·~:: '""' ·" ·" '·"' 0.01 ·" ·" '·" 0.012 " ·" ··~ 
..... 

0.015 " ... 8.~7 61.60 
0.018 " 1.01 '" "" '·"' " .... 9.15 ..... . ., " 1.12 .... "" g:: " 1.19 10.23 74.40 

" 1.24 10.71 n."' 
0.()47 " ·~ 11 .39 ~ ... ..... " '·" 12.26 "'·" ..... " '" 13.19 "·"' g:~ " '" 14.03 102.10 ... ... 14.49 106.40 

·" 1.81 15.152 

" 2.21 19.00 

" 2.21 19.00 

" '·" "" "' '"' "" 

The 01g1 ~ey volume d!Scounl ond 'f'r~1ce charge~ ore somple to apply Most 1tem> >old by Oogo l<ey moy be {Omboned for a ~olume d ~count Items !hot ore no! doscountoble O'e den! I ed by the SERVICE CHARGES VOLUME DISCOUNT 
wlfo~ NO lollow•ng the port nvmber Aller wr tong your order total oil of The d SlOvnloble •lem~ ond opp'~ the oppropr n•,.. d scounl T a~~ s subTolol odd The non d ~~ountot e ·~ms Then odd $ 0 OO $ 9 99 Add 52 00 $ 0 00 $ 9 9 99 NET 
th,... hifhdlu charge We pay oil sh•pp ng end onsuronce to odd'I'SSe~ n 'he U 5 A Canada nnd Me.,co when payment Ol(Omponops order s 10.00 $2S.OO Add so:75 $ 100.00 5249.99 Leu 10•. 

WNIN ORDIRING BY PHON(, CAll 1 100 346 S144 (Mn, Ak H1 call 211611 6674) By mad ""d your ord1r to DIGII(fY H1gltwoy ll South Thtlf River Fall• MN 56701 S 25.00 $49 99 Add $0.50 $ 250 00-5499.99 Less 15". 
You may poy by check money order Moster< horge VISA or ( 0 D DIGI·KfY GUARANTEE: Any ,.Orl> or prndurt~ purcho~ed from 0 g Kev t!1ot prove To he rlefect vc w II be $ 50.00.$99 99 Add $0.25 $ 500.00 $999.99 lest 20 •. 
rev'oced or refunded ,f 'eturned wothm QQ days from rece1pt w th o (OPV of your nvooce S 100.00 & Up No Chorge 51000 00 & Up less 25"• 
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Backed By Our 2 Year Warranty #72-320 
High Quality Hook-On Probes Included 

T'EI'AUP AGC FUSES 
DIGITAL STANDARD - MULTIMETER 11f4XY4 

- HFETEST .25A 4A 

·~-
0.5" LCD display .5A 5A 
DC input impedance .75A 6A 

10MO 1A 7A 
1.5A BA 3.5c ® 
2A 10A 
2.5A 15A 
3A 20A s3g.ao 
(100-up pes.) each 

#72-050 (NO MIXED QTYS.) 

36 PIN PARALLEL 
CONNECTOR 

PANASONIC 2-4 HOUR 
VIDEO HEAD REPLACES 
PANASONIC PART #VEH-0070 

$3.95 
#83-310 

•D1341 
•BUY69A 
•HA1377 

1.92 •M51515BL 2.49 
2.99 • STK0050 3.95 
2.49 •4116-200NS 1.38 

n.10pcs.) 

#32-160 

We Also Have .•• a full line of: test equipment. 
computer accessories, telephone accessories, speakers, 
television parts, flybacks, yokes, switches, fuses, lamps, 
capacitors, resistors, cartndges, styJi, wire, CATV equipment, 
and many more. Over 4,500 items AT THE LOWEST PRICES 
AROUND! . ' Terms: • $10 minimum order. $1.00 charge for orders under $10. 

• $20 m1mmum charge card order. [II] • Orders shipped UPS C.O.D. 
• Most orders shipped within 24 hours. 
• Sales office open 8:30am to 6:00pm. Saturdays 10:00am to 

3pm, EST 

CALL TOLL FREE 
1-800-543-4330 

(in Ohio, 1-800-762-4315) 

••• 
~~~C~~~NICS 
PARTS COMPANY 
YOU'LL EVER 

ELECTRONICS NEED 
858 East Congress Park Drive 
Centerville, Ohio 45459 
513-434-0031 

CALL OR WRITE TODAY 
FOR YOUR EB.fE_ 120 PAGE 
CATALOG! OVER 4500 ITEMS! 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

CIRCLE 19 ON FREE INFORMATION CARD 

TYPE NO 

500A 
521 . 
522 .. 
523 .. 
52pA 
528. 
529. 

YOUR COST 

7.65 
. 10.98 

9.50 
7.75 
7.75 
9.40 
8.90 

TYPE NO. 

530 
531 . 
532. 
533. 
534. 
535. 
536A .. 

YOUR COST 

10.65 · 
.. 10.45 

... 12.40 
9 .90 

.. 10.48 
... 11.48 

...... 13.85 

TYPE NO. YOUR COST 

537 ... 11.73 
538 ........... 9.84 
539 ............ 9 .84 
549 ........... 14.55 
550 ........... 10.05 
556 .......... 11.90 
557 ...... 11.75 
564 ........... 11.55 

REPLACEMENT FOR ECG® TYPES 

TYPE NO. YOUR COST TYPE NO. YOUR COST 
85 ................ FOUR for .99 125 .............. SEVEN for .99 
102A ............ THREE for .99 159AP ............. FOUR for .99 
123A. .. ......... FIVE for .99 177 EIGHT for .99 
123AP. .. ... SIX for .99 199 ................ . FIVE for .99. 

SUPER SPECIAL (MIN. 5 PC. EACH) 
TYPE NO YOUR COST TYPE NO. YOUR COST TYPE NO. YOUR COST 

124 ... • 85 165 ... .2.25 375 .. .90 
128 .. • 45 171. .65 506 . .55 
129 .45 184 .. .45 500A . ...8.95 
130 .80 185 .45 523 .9.95 
152 .40 238 .. 2.25 526A ......... 10.20 
153 .. .40 276 .. .6.95 529 13.75 
154 .60 291 ... .95 712 1.25 

JAPANESE TYPES (MIN. 5 PC. EACH) 
2SC867A. 2.75 HA1366W .. 1.85 STK0029. 3.80 
2SC1114. 3.25 HA1377A. 2.90 STKOOSO .. ... 9.99 
2SC1308K. 1.95 LA4102. 1.25 TA7205AP. 1.50 
AN214Q 1.45 M5"1-515BL .. 2 .95 TA7208P .... 1.85 
AN239A 4 .60 STK433 .. 3.95 TA7222AP. 1.95 
BA532 . ,1.80 STK435. 3.95 UPC1181H .. 1.25 
GH3F. • 89 STK437 . 6.25 UPC1182H .... 1.25 
HA1342A. 2.30 STK439. 6 .50 UPC1185H 2.99 

COD ORDERS WELCOME ($25 MIN. ORDER) 
For Complete Component Catalog Call or Write 

DIGITROIV ELECTROIVIC 
110 HILLSIDE AVENUE, SPRINGFIELD, N.J. 07081 

TOLL FREE: 800-526-4928 
In N.J.: 201·379·9016 

•ECG IS A TRADE MARK OF PHILIPS ECG. 
DIGIT RON ELECTRONIC IS NOT ASSOCIATED IN ANY WAY WITH PHILIPS ECG 

CIRCLE 11 ON FREE INFORMATION CARD 

CRT Terminals Built by a major OEM. thesetermi. 
nals include 3 microprocessor boards (lntertace, CPU & 
CRT) plus composite video & switching power supply 48K 
or roms. "Ergonomic" design and more. Experimenter spec· 
iat. includes Data, Keyboard, RS-232 1/0 plus much more. 
Seems to be quite powertul. 

Parallel, TTL Input 1/0 "Selectric" 
TYPEWRITER/PRINTER These machines have built-in 

driver and decoder circuitry and take TIL level , 6-bit 

character, plus a 4-bil function input signals. Easily driven by most any 

micro. Use as a typewriter (with add'l "repeal" circuitry) or as a KSR 1/0 
printer or both. "Table Top" style case. 

9" Composite Video Input CRT Monitor 
Requires approx 12VDC @J 1-2AVOC in attractive case. 
With schematics. 

Shugart SA-400 "Mini-Floppy" Drives 
Model SA-400, used , whole, untesled, less power supply 
& case. Data and schematics included. Removed 

onJr!ll 

8299:.1 
TESTED AND 
OPERATIONAL! I 

onJrH 

889:.1 
onJyll I 

119:.1 

~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Equipmenl I 

Prices do not include packagmg and shipping. 

Write or Call lor Our latest flyer NOW!!! " Selectric"' is a registered trademark of IBM Corporation 

Computer WAREHOUSE 18 Granote St Haverholl Mass 01830 

Rroducts & MAIL OROEAS Box 204 Newton New Hampshore 03858 

i h 1 ~ 617/372·8637 63 r P era 8 ~~ Sorry No Collect Calls 
Unlimited ~ MaslerCard & VISA Accepted 
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WE HAVE QUALITY PARTS, DISCOUNT PRICES AND FAST SHIPPING! 
NSFORME 

120•olt ~ 
primaries~ 

5.6 VOLTS @ 750 MA $3.00 
6 VOLTS @ 150 MA $1.25 
12 VCT @ 200 MA $2.00 
16.5 V. @ 3 AMPS $6.50 
18 V. @ 650 MA $3.50 
18 VOLTS @ 1 AMP $4.50 
24 VOLTS @ 250 MA $2.50 
24 VCT @ 1 AMP $4.50 
42 VCT @ 1.2 AMP $4.50 

WALL 
TRANSFORMER 
All ARE 115 VAC ~:'?..:.:. 

PLUG IN "-"'${· 

4 VDC @ 70 MA $2.00 
6 VOC @ 100 MA $2.50 
6 VDC @ 500 MA $5.00 
9 VDC @ 225 MA $3.00 
14 VDC @ 300 MA $3.SO 
15 VAC @ 300 MA $3.00 
16.5 VAC @ 10 VA $3.50 
t7VAC MA 

HELPING HAND 
WILL HOLD P.C. BOARD OR 
OTHER SMALL ITEMS AND 

ALLOW BOTH YOUR HANDS 
FREEDOM TO WORK. 

$6.50 EACH 

t~8lo0LOR r • -.,~ 
6~RAM~~~~~6y o ~ ~ 0 

2 3/4" 3 314" • • 
BAK ELITE PLATE. 0 0 

GREAT FOR SPEAKER ENCLOSURES 
OR POWER SUPPLIES 

5STATION 
NON-INTERLOCKING 
SAME AS ABOVE. EXCEPT 
EACH SWITCH OPERATES 

$1.00 EACH 10 FOR S9 00 
INDEPENDENTLY. 

$2.50 EACH 

2 CHANNEL LIGHT ORGAN 
EASILY HOOKS INTO STEREO SPEAKERS 
AND ALLOWS 11 0 VAC LIGHTS TO DANCE 
WITH MUSIC. TWO SEPARAT E 110 VAC 
OUTPUTS FOR HIGH AND LOW FREQUENCY 
AUDIO SIGNALS. USE TWO ORGANS FOR 
STEREO . 

$6.50 PER UNIT 

NEON W/ RESISTOR 

<C! =-- OPE~~=~~'b~ 
7 for $1.00 FROM 120 VOLT 

120V INDICATOR 
:'~,:;;;y;;; 
NEON INDICATO~ATED 
120 V 1/3 W. MOUNTS IN 
5/16., HOLE RED LENS. 

75¢ EACH 
10 FOR $7.00 

100 FOR $65.00 

LINE CORDS 
~ ==>0: 

TWO WIRE . 
s· 18ga TWO WIRE 

3 FOR $1.00 

THREE WIRE 

KEY 0 ASSEMBLY COMPUTER .. 
5 KEY ag :!~ GRADE 

18 INCH 1Bga THREE WIRE 
2 for $1.00 

CONTAINS5SINGLE-POLE CAPACITORS 
NORMALLY OPEN SWITCHES. 1---R-E_L;..;,A;..;.;Y.S---1 ~3~~ o':':d. ~O~~~C $2 .00 

8 FOOT 18ga THREE WIRE 

$2.00 EACH 

SOLDERING 
IRON STAND 

$5.00 EACH 

TRANSISTORS 
2N706 
2N2222A 
PN2222 
2N2904 
2N2905 
2N2907 

5 tor $1.00 
4 for $1.00 
8 tor $1 .00 
4 tor $1.00 
4 tor $1.00 
4 lor $1 .00 

BRK MODEL =79R 
UL APPROVED 
9 VOLT BATTERY OPERATION 
FOR CEILING OR WALL MOUNT. 

$8.00 EACH 2 FOR $15.00 

POWER SUPPLY PRE-AMP 
THIS SUPPLY WAS USED TO POWER 

AN 8 TRACK/CASSETTE UNIT. IT 
W:LL SUPPLY APPAOX. 18 VDC AND 

INCLUDES A SMALL PRE-AMP TO 
BOOST SIGNAL LEVEL. 
RCA PLUGS FOR LINE IN/ OUT. 

MINIATURE 
6 VDC RELAY 

~ 
SUPER SMALL 
SPtiT RELAY: 
GOLD COBALT 
CONTACTS 

RATED 1 AMP AT 30 VDC: 
HIGHLY SENSIT IVE . TT L 
DIRECT DRIVE POSSIBLE. 
OPERATES FROM 4 .3 TO 
6 V. COIL RES. 220 OHM 

1 3/16" )( 13/32" X 7/ 16" 
AROMAT # RSD-6V 

$1.50 EACH 10 FOR $13.50 

3,600 mfd. 40 VOC 
·1 3/8" DIA. · 3 3/4" HIGH 
6,400 mfd. 60 VDC 
1 3/ 8H DIA. · 4 1/4" HIGH 
21,000 mfd. 50 VDC 
2 1/ 2" OIA. . SH HIGH 
22,000 mfd. 40 VDC 
2·· OIA. · 6" HIGH $3.00 
31,000 mfd. 15 VDC 
1 3W OIA. · 4" HIGH $2.50 
44,000 mfd. 35 VOC 
2·· OIA. · 5" HIGH $4.00 
72,000 mfd. 15 VOC 
2" DIA. • 4 3/e ·· HIGH $3.50 
185,000 mfd. 6 VDC 
2112·· DIA. · 41W HIGH $1.50 

CIRCLE 12 ON FREE INFORMATION CARD 

22/44 TIN 
STYLE; NO MOUNTING 

EACH 10 FOR $14.00 

22/44GOLD 
PC. STYLE 

$2.00 EACH 
10 FOR $18.00 

28/56GOLD 
28156 GOLD PLATED CONTACTS 
156 CONTACT SPACING 
$2.50 EACH 10 FOR $22.00 

50/ 100 GOLD 

SLIDg~o;s 
100K linear tape 

2., LONG 
1 5W TRAVEL 75¢ EACH 

500K linear taper 
2 7/8" LONG 
1 3W TRAVEL 75C EACH 

DUAL 100K audio 

SWITCHES 
MINI-PUSH BUTTON 

S.P.S.T. 
4 AMPS@ 125 VAG 
KEY REMOVES BOTH 
POSITIONS 

$3.50 EA 

t 

LIGHTED 
PUSH BUTTON 

RED LIGHTED 120 VAC 
10 AMP. S.P.S T 

"'POWER .. PRINTED ON 
FACE. MOUNTS IN 
7/ 8" SQUARE HOLE 

$1.50 EA 10 FOR $13.50 

35 MFD 330 VOLT 

1"x5/8" QIA. ~ 
45¢ EACH . . . 
10 FOR $4.00 ':_;. · 

170 MFD 330 VOLT 
1 1/8 " " 7/8'" 

2 FOR $1.50 10 FOR $7 .00 

([11.\1\l 
750 MFD 330 VOLT 

95 



Pari No. 
5N7400N 14 25 5N7472N 14 29 5N74156N 16 59 
5N7401N 14 25 5N7473N 14 35 5N74157N 16 .59 
SN7402N 14 25 5N7474N 14 35 5N74160N 16 69 
5N7403N 14 25 5N7475N 16 45 5N74161N 16 69 
5N7404N 14 25 5N7476N 16 35 5N74162N 16 69 
5N7405N 14 25 5N7479N 14 4.95 5N74163N 16 69 
5N7406N 14 45 5N7480N 14 89 5N74164N 14 69 
5N7407N 14 29 5N7482N 14 1.49 5N74165N 16 69 
5N7408N 14 25 5N7483N 16 59 SN74166N 16 89 
5N7409N 14 25 5N7485N 16 59 SN74167N 16 295 
5N7410N 14 25 5N7486N 14 35 5N74170N 16 1.29 
5N7411N 14 25 5N7489N 16 2.25 5N74172N 24 4.95 
5N7412N 14 49 5N7490N 14 39 5N74173N 16 69 
5N7413N 14 39 5N7491N 14 79 5N74174N 16 69 
5N7414N 14 49 SN7492N 14 39 5N74175N 16 69 
5N7416N 14 25 SN7493N 14 39 5N74176N 14 69 
SN7417N 14 25 5N7494N 14 89 5N74177N 14 69 
5N7420N 14 19 5N7495N 14 49 5N74179N 16 1.49 
5N7421N 14 49 SN7496N 16 49 5N74180N 14 69 
5N7422N 14 49 SN7497N 16 3.25 SN74181N 24 195 
5N7423N 16 59 SN74100N 24 1.95 SN74182N 16 1.19 
5N7425N 14 29 5N74104N 14 1.19 SN74184N 16 249 
5N7426N 14 29 5N74105N 14 1.19 SN74185N 16 249 
5N7427N 14 25 5N74107N 14 . 29 SN74190N 16 69 
5N7428N 14 59 SN74109N 16 .39 5N74191N 16 69 
5N7430N 14 25 5N74116N 24 1.49 5N74192N 16 69 
5N7432N 14 29 5N74121N 14 39 5N74193N 16 69 
5N7437N 14 25 5N74122N 14 69 5N74194N 16 69 
5N7438N 14 29 5N74123N 16 49 5N74195N 16 69 
5N7439N 14 59 5N74125N 14 45 5N74196N 14 89 
5N7440N 14 19 5N74126N 14 45 5N74197N 89 
5N7441N 16 89 5N74132N 14 49 5N74198N 
SN7442N 16 45 5N74136N 14 69 5N74199N 
5N7443N 16 125 SN74141N 16 89 5N74221N 
5N7444N 16 125 5N74142N 16 3.95 SN74251N 
5N7445N 16 69 5N74143N 24 3.95 5N74276N 
5N7446N 16 69 5N74144N 24 3.95 5N74279N 
5N7447N 16 69 SN74145N 16 59 5N74283N 
5N7448N 16 69 5N74147N 16 5N74284N 
5N7450N 14 19 SN74148N 16 5N74285N 
5N7451N 19 5N74150N 24 5N74365N 
5N7453N 19 5N74151N 16 5N74366N 
5N7454N 19 5N74152N 14 5N74367N 
5N7459N 25 5N74153N 5N74368N 
5N7460N 5N74154N 5N74390N 

74L5192 16 
74L5193 16 

74LS92 55 74L5194 16 
74L593 55 74L5195 16 
74LS95 79 74LS197 14 
74L596 89 74LS221 16 
74L5107 39 74l5240 20 
74l5109 39 74L5241 20 
74L5112 39 74L5242 14 
74l5113 39 74l5243 14 
74L5114 39 74L5244 20 
74L5122 49 74l5245 20 
74L5123 89 74l5247 16 
74L5125 59 74L5248 16 
74l5126 49 74LS249 16 
74L5132 59 74L5251 16 
74L5133 59 74L5253 16 
74LS136 39 74l5257 16 
74L5138 89 74L5258 16 
74l5139 79 74l5260 14 
74L5151 59 74L5266 14 
74l5153 59 74L5273 20 
74l5154 1.29 74LS279 16 
74L5155 69 74L5283 16 
74l5156 69 74l5290 14 
74L5157 69 7RS293 14 

59 74LS298 16 
69 74L5352 16 
.69 74L5353 " .69 74LS365 16 
69 74LS366 16 
69 74L5367 16 

1.19 74L5368 16 
1.19 74LS373 20 
119 74LS374 20 
149 74LS375 16 

69 74L5386 14 
69 74L5393 14 
69 74L5399 16 

2.95 74L5670 16 
89 81LS95 20 
89 81L597 20 

74500 35 745243 14 2.49 
74502 35 745244 20 249 
74503 35 745114 14 55 745251 16 1.19 
74504 45 745133 16 45 745253 16 1.19 
74505 45 745134 16 50 745257 16 1.19 
74508 39 745135 16 69 745258 16 119 
74509 14 39 745136 14 1.39 745260 14 119 
74510 14 35 745138 16 89 745280 14 1.95 
74511 35 745139 16 89 745287' 16 195 
74515 14 35 745140 55 !45288. 16 1.95 
74520 14 35 745151 99 745373 20 2.49 
74522 14 35 745153 99 745374 20 2.49 
74530 14 35 745157 99 745387' 16 1.95 
74532 14 45 745158 .99 745471• 20 5.95 
74538 14 89 745160 2.49 745472• 20 4.95 
74540 14 39 745174 1.19 745473• 20 4.95 
74551 35 745175 1.19 745474. 24 4.95 
74564 39 745188. 1.49 745475" 24 4.95 
74565 .39 745194 1.49 745570• 16 295 
74574 55 745195 1.49 745571 • 16 2.95 
74585 2.49 745196 1.49 745572. 18 4.95 
74586 55 745240 2.25 18 4.95 
745112 55 2.25 249 

16 
16 
16 
14 

C04000 29 CD4098 16 1.95 
C04001 .29 CD4506 16 1.19 

CD4002 .29 CD4040 16 1.19 CD4507 14 1.19 

C04006 1. 19 C04041 14 1.19 CD4508 24 3.95 
C04007 29 C04042 16 89 CD4510 16 129 
C04009 .59 C04043 16 79 C04511 16 1.19 
C04010 59 CD4044 16 79 CD4512 16 1.19 
CD4011 29 CD4046 16 1.19 C0451 4 24 249 
C04012 29 C04047 14 129 C04515 24 249 
CD4013 39 CD4048 16 59 CD4516 16 1.19 
CD4014 1.19 C04049 16 .39 CD4518 16 119 
C04015 .39 CD4050 16 39 CD4519 16 59 en CD4016 49 CD~051 16 99 CD4520 16 1.19 

0 CD4017 1.19 CD4052 16 99 CD4526 16 149 

z CD4018 .99 CD4053 16 99 C04528 16 1.49 
C04019 59 

C04056 16 2.95 CD4529 16 1.69 
0 CD4020 1.19 CD4059 24 7.95 CD4543 16 195 a: C04021 1.19 C04060 16 149 C04562 14 6.95 

f- C04022 1.19 CD4066 14 59 CD4566 16 1.39 

0 C04023 29 CD4068 14 39 CD4583 16 2.49 
CD4024 69 CD4069 14 29 CD4584 14 .69 w 
CD4025 23 CD4070 14 39 C04723 16 1.19 ...J 
CD4026 249 CD4071 14 29 CD4724 16 1.19 w 
CD4027 45 CD4072 29 MC14409 16 1395 

0 CD4028 69 CD4073 29 MC14410 1& 1395 
CD4029 1.29 CD4075 29 MC14411 24 11.95 0 CD4030 39 CD~076 119 MC\4412 1& 1395 

<( CD4034 2.49 CD4078 49 MC\4419 16 7.95 

a: CD4035 C04081 .29 MC14433 24 1395 
CD4082 14 29 MC14538 16 119 

MCI 14 119 
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MICROPROCESSOR COMPONENTS ~ Digitalker1
• 

___ MICROPROCESSOR CHIPS _ __ 
Part No • •Pins OYNAMIC RAMS Price 

"""'· ••Pins function """ 1103 18 1024~1 /3oons} .. 99 CDP1802 .. CPU $2.95 4027 16 4096x1 25Dns) .2.49 
2650 40 MPIJ (2MHz} .. 9.95 4116N-2 16 16.384~ 1 (150ns} ····i.89·--st14.95 
MCS6502 40 MPUw/Ckx:k 5.95 4116N·3 16 16.384x1(200ns) 1.69·8112.95 
MC56502B .. MPUw/Ciocka13MHz 9.95 4116N-4 16 16,384x1(250ns) 1.49-8/10.95 
68119 40 CPU-8·bi1(1n1ernaiCiock)1MHz 14.95 4164N·150 16 65.536x1(150ns) 6.95-8/ 49.95 
6609€ 40 CPU-8-bil(EKlernai Clock) lMKz .. 14.95 4164N·200 16 65.536x1{200ns) 5.95-8/44.95 
INS8035N-6 .. MPU-8·bi1(6MHz) 5.95 MM5261 18 1024x1 j300ns) 49-8/1.95 
INS8039N .. g~-~~:~-~UfBbts Ram) 5.95 MM5262 22 2048x1 365ns) .10 
INS8040N·6 .. 9.95 MM5270 18 4096x1 {250ns)MK4096 .4.95 
INS8070N 40 CPU(64bytesf!:AMI . 29.95 MM5280 22 4096x1 (200ns)2107 . 3.95 
INS8073N 40 CPUw/BasicMICf01n1erpre1er 29.95 MM5290·2 16 16.384x1(150ns) 1.89·8/14.95 
P8085A .. CPU 4.95 MM5290·3 16 16.384x1(200ns) 1.69-8/12.95 
8086 .. CPU 16--br15MHz 24.95 MM5290·4 16 16.384x1(250ns) 1.49·8/10.95 
8088 40 CPUB/16--bit 29.95 MM5298·3 16 8192x1 (200ns) 1.69 
8155 40 HMOS RAM 1/0 Port· Timer 6.95 STATIC RAMS 8748 40 HMD5EPROMMPU. 24.95 1101 16 256x1 (650ns) 1.49 --Z80. ZBOA, ZBOB. ZBOOO SERIES-- 2101 22 256x4 (450ns)8101 . 2.49 zso .. CPU(MK3880N){780C)2MHz $3.95 2102 16 1024x1 (350ns) .89 
ZSO·CTC 28 CounlerTimerCircuil 3.95 21L02 16 1024x1 (450ns)L.P. 1.~9 
ZSO·DART 40 ~1Asynchi'OilOOsRec.(Trans 10.95 2111 18 256x4 (450ns)8111 2.95 
ZSO·DMA .. Direc\MerooryActessCrrcurt 9.95 2112 16 256x4 (450ns)M05 . 1.95 Z80-P10 40 Paralle!l/Qinlertaa!Coolroller 3.95 2114 18 1024x4 (450ns) 1.49-8/995 
ZS0-51010 .. Seriaii/O(TxCBandRxCBBorlded) 12.95 2114l 18 1024x4 (450ns)L.P. 1.95·8/13.95 
Z80·510/1 40 Seriall/O(lacksDTRB) 12.95 2114·2 18 1024x4 (200ns) 1.75·8/11.95 
ZS0-510/2 .. Seriai1/0(Lacks5YNCB) 12.95 2114l·2 18 1024x4 (200ns)L.P. 2.25-8/14.95 
ZB0-510/9 .. Serial I/O 12.95 2147 18 4096x1 (70ns) . 4.95 
ZSOA 40 CPU(MK3880N·4){780C·1)4MHz 449 2148 18 1024x4 (70ns) 4.95 
ZSOA·CTC 28 CounlerlimerCircuil 4.95 TM54045 18 1024x4 (450ns} 3.95 
ZSOA·DART 40 DuaiAsynchronousRec./Trans 9.95 TM540l47-45 20 1024X4 (450ns) . . . .. . 2.95 
ZSOA·DMA 40 DirecJMerooryAccessCircurl 12.95 5101 22 256x4 (450ns}CM05 2.95 
Z80A·P10 40 Paralleii/QlnterfaceConllotler 395 MM5257 18 4096x1 (450ns) 4044 4.95 
ZSOA·$10/0 40 Serialt/O(TxCBandRxCBbonded) 12.95 HM6116P·3 24 2048x8 (150ns}CM05 5.95 ZSOA-510/1 40 Seria11/0(LacksDTR8) 12.95 HM6116P-4 24 2048x8 (200ns}CMOS 4.95 
Z80A·510/2 40 Seriai1/0(lacks5YNC8) 12.95 HM6116LP·4 24 2048x8 (200ns}L.P. CMOS 5.49 
ZSOA-510/9 40 5erial1/0 1295 HM6264P·15 28 8192~8 (150ns}CMOS 39.95 
ZSOB 40 CPU {MK3880N-6)6MHz 9.95 27LSOO 16 256x1 (80ns)L.P. 9.95 
ZSOB-CTC 28 CounlerTimerCircuil 12.95 7489 16 16x4 (50ns)3101 .. 2.25 
ZSOB·DART .. OuatAsynch. Receiver/Transmitter 19.95 74C920 22 256x4 (250ns) . . 3.95 Z808-P10 40 Para11el1/01otertaceCoo1rotler 12.95 74C921 18 256x4 (250ns)CM05 3.95 
ZBOOI 48 CPU Segmented 44.95 74C929 16 1024x1 {250ns)CMOS{6501 ) .3.95 
ZB002 40 CPUNon-Segmenled 34.95 74C930 1B 1024x1 {250ns)CM05(6518) 3.95 
ZSOJO 40 SeriatCormr. Con1rouer 44.95 745189 16 16x4 {35ns)93405 1.95 
Z8036 40 Coun1er/Timer&Paralleiii0Uni1 29.95 745200 16 256x1 (80ns)93410 3.95 

--6500/6800 / 68001t SERIES-- 745206 16 256x1 {60ns)93411 3.95 
745289 16 16x4 (35ns}3101 . 2.25 

40 MPUwilhCIOCkand RAM{2MHz) 6.95 82510 16 1024x1 (50ns)OC(93415) . 3.95 40 Peripherallnler Adapler 4.95 82525 16 16x4 (50ns)OCI745289) 2.25 40 MPU 2.95 
---- PROMS/EPROMS- - --40 7.95 

40 1495 1702A 24 256x8 (1us) 495 
40 2.95 2708 24 1024x8 (450ns) . .. 3.95 
24 15.95 2708·5 24 1024x8 (550ns)SM00246 2.95 
24 9.95 TM52516 24 2048x8 (450ns)2716 5.95 
24 AsynchronousCo_mm.Adapler 3.95 TM52532 24 4095x8 (450ns}NMC2532 6.95 24 5ynchronous5ena1Da1aAdapter 5.75 TM52564 28 8192x8 (450ns) 14.95 24 ~~e01bf~i~~r~~~H~~DEM 7.95 TM52716 24 2048~8 (450ns}3vollage 9.95 64 49.95 2716 24 2048x8 (450ns) 4.95 40 GeneraiPurpose lnt.AI:!apler 9.95 2716·1 24 2048x8 (350ns} 5.95 40 Mlilli. Pro1oco1Comm. Conlroller 24.95 27160-5 24 2048x8 (550ns} .. .4.49 28 ~~~aE~g~r(fS~~~m- 1n1. 9.95 2732 24 4096x8 (450ns) .6.95 24 24.95 

2732A·3 24 4096x8 (300ns) 7.95 40 Perrpheral!nJer.Adapler 7.95 
2732A·4 24 4096x8 (450ns}21V 6.95 

BOBOA SERIES 27320-4 24 4096~8 (550ns) 5.95 
TM55501 40 5ynchrDOOUsDa1aln1er1ace(51AC) 14.95 

27580-A 24 1024x8 (450ns) 2.95 
2764·4 28 8.192x8 (450ns} 9.95 INS3080A 40 CPU 2.95 2764-3 28 8192x8 (JOOns} 14.95 INS8154 40 1288yteRAM16-8r1 1/0 13.95 MM52040 24 512x8 (1US) 4.95 8156 40 RAMwithl/OPortarldnmer 6.95 MCM68764 24 8192x8 (450ns} 24.95 INS82C06 20 OC1aiDF1ipflopTri·5ta1e(74C374) 2.49 27128 28 16.384x8(450ns) 128KEPRDM 59.95 DP8212 24 8·billnput/():)1pu1(745412) 2.25 745188 16 32x8 PROMO.C.(6330· 1) 1.49 DP8214 24 Prillrity1nlerrup1Con1rol 2.95 745287 16 256x4 PROMT.$. {6301·1} 1.95 DP8216 16 Bi-Direc1irJna18usDriver 1.95 745288 16 32x8 PROMT.5. {6331 · 1) . 1.95 DP8224 16 ClockGeneralor/Driver 2.25 745387 16 256x4 PRDMO.C.(6300·1) 1.95 DP8226 16 Bus Driver 2.25 745471 20 256x8 PROM T.S (6309·1} 5.95 DP8228 28 5ys1emCoo1./BusDriver (74S428) 3.49 745472 20 512x8 PROMT.$.(6349·1) 4.95 DP8238 28 SystemCoo1roller(74S438) . 4.49 745473 20 512x8 PROMO.C.(6348) 4.95 IN$8243 Z4 1/0ExpanOer1or48Series 3.95 745474 Z4 512x8 PROM T.S.{OM87S296N) 495 INS8245 1B 16--KeyKeyboardEOCOOer(74C922) 4.49 745475 24 512x8 PROMO.C.(6340) 4.95 IN$8245 " 2G-KeyKeyboardEncOOef(i4C':I23) .. 4.95 745476 18 1024x4 PROMT.5. 6.95 IN$8247 28 ~splayControlter{74C911) .. 8.95 745478 24 1024x8 PROMT.5. 8.95 INS8248 2B Disp1ayController(74C912) 8.95 745570 16 512x4 PROMO.C(6305) 2.95 1NS82SON .. Asyn.Cormr.EiemenJ 10.95 745571 16 512x4 PROMT.$.{6306) 2.95 DP8251 2B Prog.Corrrn.l/O(USAAT) 4.49 745572 18 1024x4 PROMO.C.(6352) 4,95 OP8253 Z4 Prog.lnlervaiTrmer 6.95 745573 18 1024x4 PROMT.5 {825137) 4.95 DP8255 40 Prog.Periphefal i/Q(f'Pj) 4.49 82523 16 32x8 PROMO.C.(27S18) 2.95 DP8257 40 Prog. DMAConlrot 5.95 825115 24 512x8 PROMT.S {27515) .9.95 DP8259 28 Prog.ln1errup1Coo1rol .6.95 825123 16 32x8 PROMT S (27519) 2.95 DP8275 40 Prog.CRTConlrotlef 29.95 825126 16 256x4 PROMO.C (27520) 2.95 OP8279 40 ~-K~board/Displaylnlerfaa! 8.95 825129 16 256x4 PROMT.S. (27521) .. 2.95 OPB303 20 8·8i1Tn-5tale8r·Directional ltans. 3.95 825130 16 512x4 PROMO.C.{27512) 3.95 OP8304 " 8·bi1Br·Oirecfl0na1Receiver 2.95 825185 18 2048x4 PROMT.5.{T8P24581). 9.95 OPB307 " 8·bi1Bi-Oirec1ionatfle(:er.oer .2.95 825190 24 2048x8 (SOns) 14.95 OPBJOB " 8·bi1Bi·Oirec1iona1Receiver 2.95 825191 24 2048x8 (SOns) 14.95 DP8310 " OctatlalchedPeriphera.IOriver 4.95 DM875180N 24 1024~8 PROMO.C.(82S180) 9.95 8741 40 8·bi1Univ.Periphera11n1erfaa! 29.95 OM875181N Z4 1024x8 PROMt.5.{825181) 9.95 8755 40 16KEPROMwi1h1/0 .24.95 OM875184N 1B 2048x4 PROM {\C.(82S 184) 9.95 

--- - OISK CONTROLLERS---- OM875185N 18 2048x4 PROM T.5.(825185) .9.95 
1N51771-1 .. Single-Density _ . . ... 16.95 DM87S190N 24 2048x4 PROMO.C. (825190) 14.95 

DM875191N 24 2048x8 PROMT.$.(825191) 14.95 FD1791 40 5iogle/DuaiDenSi1y {lnv.) 29.95 
--- - OATA ACQUISITION----FD1793 .. Single/OoubleDensity (True) . 29.95 

FD1795 40 Oua1Density15iOeSelect(1nv.). 29.95 OC10 MoslekDC/ DCCooverl. +5V1o -9V . 2.95 FD1797 40 DualDensity/SiOeSelectTrue 29.95 MC3470P 18F1oppyDrsk ReadAMP5ys1em 4.95 

- - - - SPECIAL FUNCTION----
MC1408L7 167-bi10/ AConverter(DAC0807LCN) 1.49 
MC1408L8 16 8-bi1D/AConverJer(DAC0808LCN) 2.25 

DS0025CN 8 Dua1MDSCkx:kiK1Yer(5MZ) ADC0803LCN208·bitA/DConver1er(:t1/2L5B) 4.95 
DS0026CN B DuaiM05C1ockOriver(5MZ) ADCOSO~ 208·briA/DConverJer{1lS8) 3.49 
IN52651 28 CormrunicationChip 0AC0806 168·brtD/AConver1er(0.78%Un.) 1.95 
MC3470P 1B F1oppyDiskReadAmp5ys1em ADC0809 288·br1AIDConver1er(8·Ch. Mulli.) 4.49 
MM58167AN Z4 Microprocessor Rea! Time Clock AOC0817 40 8·br1AIDConverJer(16·Ch. Mulli.) 9.95 
MM58174AN 16 MICrO. Compalrble Time Clock DAC1000 2410·br1 D/ AConv. Micro . (0.05'1o)7.95 
COP402N 40 Microcoolrolter w/64-digil RAM OAC1008 20 10-l:lrl D/AConv ; (0.20%)6.95 

arldOirecllEDDrive DAC1020 16 I 7.95 
COP402MN 40 Microprocessorw/64-digiiRAM DAC1022 16 I 5.95 

&OirecllEDDrivew/N Buss tnl 18 I 6.95 
32·segVACFiuor. Orvr(20-pin pkg.). 
Prog.Dscr1tator/OIVIder(60Hz) .... 
Prog.Oscilla1or/Divlder(100Hl) 

1·9 10-99 

SplnlP 16 14 
14plnlP .17 .15 
16plnLP .19 
18pln LP .26 .Z4 
20 plnlP 30 .27 
22plnLP 31 .28 
24plnLP .33 .30 
28plnLP .40 .37 
36pinlP .46 42 
40pinlP .49 .46 

SOLDERTAIL (GOLD) 100-up 

STANDARD 
1·9 10-99 

.27 

.39 

Jameco· 
ELECTRONICS 

CIRCLE 41 ON FREE INFORMATION CARD 

DT1 050 - Applications: Teaching aids, 
appliances, clocks, automotive, telecommunlca· 
tions, language translations, etc. 
The OT1050 is a standard OIGITALKER k it encoded w ith 137 separal e 
and useful words, 2 tones, and 5 d ifferent silence duratlor s- The 
words and tones have been assigned discrete addresses, making It 
possible to output sing le words or words concal enaled Into phrases 
or even sentences. The "voice" oulpul of t he OT1050 Is a highly In
telligible male voice. Female and children's voices can be syn theslz· 
ed. The vocabu lary Is chosen so that It is applicab le to many pro
ducts and markets. 
The OT1050 consists of a Speech Processor Chip, MM54104 (4~pln) 
and t wo (2) Speech ROMs MM52154SSR1 and MM52154SSR2 {24·pln) 
along w ith a Masler Word list and a recommended schematic 
diagram on the application sheet. 

DT1050 DigHa!ker'" .. . . ... . .... $34.95 ea . 
MM54104 Processor Chip . . .. . . $14.95 ea. 
DT1 057- Expands I he DT1 050 vocabu~ry lrom 137 lo over 260 
words. Includes 2 ROMs and specs. 

70451P1 
7045EV/Kit• 
7106CPL 
FE0203D 

CMOS Precision Timer 
51opwa1chChip. XTl 
3'hDigitAID(LCDDrive) . 

7106EV/ Kit• 40 
3'h Digi1LCDDisptayfor7106&7116 
IC.CircuitBoard.Display 
3'hDigitAID{lED Orive) 
IC.Circui18oard.Display . 
3'h0igi1AIDLCODis.HLD 
LowBaneryVotttndicator. 

7107CPL 40 
7107EV/ Ki1• 40 
7116CPL 40 
72011U5 
7205\PG 
7205EV/ Ki1• 
7206CJPE 
7206CEV/Ki1• 
7207AIPD 
7207AEV/Kit• 
72151PG 

'7215EV/Ki1• 
7216AIJt 
7216DIP1 
72171JI 
7217A1PI 
7224\Pl 
7226AEV/ Ki1• 

74HCOO " 74HCOO 14 
741iC02 " 74HC03 " 74HC04 14 
74HCU04 " 74HC08 " 74HC10 " 74HC11 " 74HC14 " 74HC20 14 
74HC27 14 
74HC30 14 
74HC32 14 
74HC42 16 
74HC51 " 74HC58 14 
74HC73 " 74HC74 " 74HC75 16 
74HC76 16 
74HC85 " 741iC86 14 
74HC107 " 741-fC109 16 
74HC112 " 741-fC113 " 74HC132 14 
74HC137 " 74HC138 16 

74COO 14 
74C02 14 
74C04 ,. 
74C08 14 
74C10 14 
74C14 14 
74C20 14 
74C30 14 
74C32 14 
74C42 16 
74C48 16 
74C73 14 
74C74 14 
74C85 16 
74C86 14 
74C89 16 
74C90 14 
74C93 14 

TL071CP 
TL072CP 
TL07~CN 
TL081CP 
TL082CP 
TL084CN 
LM301CN 
LM302H 
LM304H 
LM305H 
LM307CN 
LMJOBCN 
LM309K , . .,.. 
LM310CN 
LM311CN 
LM312H 
LMJm 
LM317K 
LM318CN 
LM319H 
LM320K-5 
LM320K-12 
LM320K-15 
LM320K·24 
LM320T·5 
LM320T·12 
LM320T-15 
l M320H4 
LM322N " LM323K 
LM324N 
LM329DZ 
LMJJIN 8 
LM334Z 
LM335Z 
lM3J6Z 
LM337MP 
LMJJn 
LM338K 
lM339N 
LM340K-5 
LM340K-12 
LM340K-15 
l.M340K·24 
LM340T-5 
LM340T-12 
LM340T-15 
LM340T-24 
LM341P-5 
LM341P·12 

CMOS LED 5\opwalch/Timer 
SlOpwatchChip.XTL 
Tone Generator 
ToneGeneralorChip.XTL 
DscillatorConlrotler . 
Freq.CounJerChip.XTL. 
4Fuoc. CM0551opwa1ChCKT 

I 

.59 74HC139 " 99 
59 74HC147 16 1.19 
.59 74HC151 " B9 
.75 74HC153 16 .99 
59 74HC154 " 2.49 
.65 74HC157 " .89 
.59 74HC158 16 .B9 
59 74HC160 16 1.29 
.59 74HC161 16 1.29 
85 74HC162 16 1.29 
59 74HC163 16 129 
59 74HC164 " 1.29 
89 74HC165 " 2.79 
75 74HC173 16 1.69 
99 74HC174 16 99 
.7~ 74HC175 16 .99 
.75 74HC192 16 1.39 
.79 74HC193 16 1.39 
.79 74HC194 " 1.09 
.B9 74HC195 16 1.09 
.79 74HC237 16 2.95 

1.59 
69 

l 4HC240 211 1.95 
74HC241 20 1.95 

.59 74HC242 " 195 

.79 74HC243 " 1.95 

.79 74HC244 211 \.95 

.79 741-fC245 211 2.49 
99 

1.95 
741-fC251 16 .89 
74HC253 16 .99 

109 

35 
35 
29 

.35 
35 
69 
35 
35 
39 

1.39 
1.95 

79 

"' 1.95 
.39 

5.95 
1.19 
1.19 

.79 
1.39 
1.95 
.59 LM341P· 15 75 

1.19 LM342P-5 69 
1.95 LM342P-12 69 

35 LM342P-15 69 
1.95 LF347N " 1.49 
1.95 LM348N " .99 
.99 LMJSOK 4.95 
.45 LF351N ' .60 
.69 LF353N 8 1.1111 

1.25 LF355N 8 1.10 
1.95 LF356H 8 1.10 
1.75 LM3511N 8 .69 
.69 LM359H ,. 179 

2.49 LM3711N " 4.49 
1.19 LM373N " 3.95 
3.95 LM377N " 1.95 
1.95 lM380CI< 8 1.10 
1.95 lM380N " .B9 
1.35 LM381N " 1.79 
1.35 LM382H " 1.39 
1.35 LM384N " 1.79 
1.35 lM31!<N·3 ' B9 

89 LM387N 8 89 
89 LM389H " 1.19 
.89 lM391N-80 " 1.19 
B9 LM392N ' 69 

1.65 lM398N 8 3.95 
5.95 LM399H 51111 
.59 n494CN 16 3.95 
.65 TL496CI' 8 1.19 

3.95 NE531V 8 >95 
1.19 NE544N " 2.95 
1.40 NE550A " 1.95 
1.19 NE555V 8 .35 
1.15 XR-l555 8 59 
1.95 LM566N ,. 69 
6.95 NE564N 16 2.95 

69 LM565N " 1.19 
1.35 LM566CH ' 1.49 
1.35 LM567V ' .99 
1.35 NE570N " 3.95 
1.35 NE571N " 2.95 
.79 LM703CN ' 1.19 
79 LM709N " 49 
.79 LM710N " .69 
79 LM711N ,. .79 
.75 LM723N " .55 
.75 LM733N " 1.1111 

74HC257 " 89 
74HC259 16 \.49 
74HC266 14 1.19 
74HC273 20 2.89 
74HC280 " 3.95 
74HC299 20 4.95 
74HC366 " 2.39 
74HC367 16 239 
74HC373 20 2.39 
74HC374 20 2.39 
74HC390 16 1.49 
74HC393 " 1.49 
74HC533 211 2.39 
74HC534 20 2.39 
74HC595 16 3.95 
74HC688 20 3.19 
74HC4002 " .59 
74HC4017 16 2.19 
74HC4020 16 1.39 
74HC4024 ,. 1.59 
74HC4040 16 1.39 
74HC4060 16 1.39 
74HC4075 " 59 
7411C4078 " .69 
74HC4511 16 2.69 
74HC4514 " 3.79 
74HC4538 16 2.39 
74HC4543 16 3.49 

LM739N " 1.95 
LM74!CN 8 35 
LM747N " 69 
LM748N 8 59 
LM1310N " 1.49 
MC1330AI ' 1.95 
MC1349 8 1.79 
MC1350 8 1.49 
'-'l:1358 " 1.95 
LM1456V ' 1.95 
LM1458CN ., 

.59 
LM1488N ,. .B9 
LM1489N " ... 
LM1496N " 1.95 
LH1605CK 9.95 
LM1800N " 2.49 
LM1871N " 2.95 
LM1872N 18 3.25 
LM1877N·9 " 2.49 
LM1889N 18 2.25 
LM1896N " 2.95 
LM2002T 1.95 
ULN2003A 16 89 
Xll2206 ,; 195 
XR2207 " 2.95 
XR2208 " 2.49 
XR2211 " 3.95 
LM2877P 1.95 
LM2878P 2.95 
LM2901N " .59 
LM2902N " .B9 
LM2907N " 2.49 
lM3189N " 1.59 
LM3900N " .59 
LMJOOSCO 8 1.19 
t!.I3909N 8 .99 
LM3914N 18 >95 
lM3915N 18 >95 
lM3916N " 2.95 
AC4136N ,. 1.25 
AC4151N8 ' 1.95 
AC41!f4Tl< 4.49 
LM4250CN ' 1.29 
LM4500A 18 195 
NE5532 ' 2.49 
NE5534 ' 1.69 
K:l80J8B " 3.95 
lM1J(1811N ' 1.19 
LM13600N 16 1.19 
76477 " 3.95 .... _, 



RS232 ADAPTER FOR 
VIC-20 AND COMMODORE 64 

g 
The JE232CM allows connection of standard RS232 
printers, modems, etc. to your VIC-20 and C-64. A 4-pole 
switch allows the inversion of the 4 control lines. Com
plete installation and operation instructions included. 

• Plugs into User Port • Provides Standard RS232 signal 
levels • Uses 6 signals (Transmit, Receive, Clear to Send, 
Request to Send, Data Terminal Ready, Data Set Ready). 

JE232CM . . . . . . . . . . . $39.95 

VOICE SYNTHESIZER 
FOR APPLE AND COMMODORE 

HeW! 

JE520AP 

JE520CM 
• Over 250 word voCabulary-affixes allow the formation of more 
than 500 words • Built-in amplifier, speaker, volume control, and 
audio lack • Recreates a clear, natural male voice • Plug-in user 
ready with documentation and sample software • Case size: 
7V."l X 3V.''W X 1-3/S"H 

APPLICATIONS: • Security Warning • Telecommunication 
• Teaching • Handicap Aid 
• Instrumentation • Games 

TheJE520.VOICE SYNTHESIZER will plug ngnt into your 
computer and allow you to enhance almost any applica
tion. Utilizing National Semiconductor's DIGITALKERTM 
Speech Processpr IC (wtth four custom memory chips}, 
the JE520 compresses natural speech into digttal mem
ory, including the original inflections and emphases. The 
result is an extremely clear, natural vocalization. 

Description 

For Commodore 64 & VIC·20 
For Apple II, II+, and /le 

JE664 EPROM PROGRAMMER 
8K to 64K EPROMS - 24 & 28 Pin Packages 
Cempl~elr Sen-Contained - Requires No Additional Systems far Operation 

· Programs anp validates EPROMs • Checks lor properly erased EPROMs 
· Emulates PROMs or EPROMs · RS232C Computer Interface lor editing and 
program loading • Loads data into RAM by keyboard • Changes data in RAM 
by keyboard · Loads RAM from an EPROM · Compares EPROMs lor content 
differences ·Copies EPROMs • Power Input: 115VAC, 60Hz, less than 1 OW 
power consumption ·Enclosure: Color-coordinated. light tan panels with 
molded end pieces in mocha brown • Size: 15~"L )( 8~"D x 3\?"H • Weight: 
5lMibs 

TOOJE664EPROM Programmef emulates and programs various 8·81tWord EPROMs from 81< to 
64K-8ilmemorycapacity.Datacanbeenteredintothe.£664's lnlefnai8K)(8·SitAAMmthree 
ways: (1) from a ROM or EPROM: {2) from an extemal comPII!et VIa the opbonal JE665 RS232C 
BUS: (3) from its panel keyboard. TheJE664's RAMs may be accessed tor emulat•on purposes 
!rom the panel's test socket to an external micfoptoce5SOf.ln programming and emulation, the 
..1:664 allows for el(3mination. change and validation of prog•am content. The JE664's RAMs 
can be programmed quicklytoaJI"f"s {or31ly value). allOWing unused addresses 1n the EPROM 
to be programmed later w~hout necessity oi'W' erasin~. The JE664 diS()Iays DATA and 
AOOfiESS in convenient hexadecl!nal {alphanumeric) lormat A "DISPLAY EPROM DATA" 
button changes the DATA readout lrom RAM word to EPROM word and is displayed in both 
llexadecimalandbinaryaxle. Thefrontpanelfeaturesacooven•entoperating guide.TheJE664 
Programmer includes oneJM16AJ<Jmper Module (as listed below). 

JE664-A EPROM Programmer ••• • ••••• •••• $995.00 
Assembled & Tested {Includes JM16A Module) 

JE665 - HS232C INTERFACE OPTION - roo RS232C lnter1act Opt1on implements 
computer access to tfle JE664's RAM This allovr's the computer to mampulate, store and 
transler EPROM data to and lrom theJE664. A sample program listing is supplied in MBASIC for 
CP/M computers. Documentation is prOVIded to adapt the soltware to other COffiP\Iters with an 
RS232port.9600Baud.8-bitword.oddparityand2stopbds. 
FOR A LIMITED nME A SAMPLE OF SOFTWARE WRITIEN IN BASIC FOR 
THE TRS-80• MODEll. LEVEL II COMPUTER WILL ALSO BE PROVIDED. 

JE664-ARS EPROM Pro!. wtJEfi6511ptian ••••• $1195.00 
Assembled & Tested {Includes JM16A Module) 

EPROM JUMPER MOOULES- TheJE664'sJJMPER MODULE (l'efsooallty Module) is a 
plug-in Module tllat Pfe·sets the .£6641or the proper prooramming pulses to tfle EPROM and 

confiQures the EPROM socket connections tor that particular EPROM 

131Je"l x 4% 'W x ¥4"H 

o Large selection of keyboards • Hall effect 
switching ·Some have parallel interfaces· Some 
have serial interfaces· All have status LEOs and a 
minimum of 68 keys· Some with numeric keypad 
capabilities, cursor controls, or both • Styles may 

·vary· Weight: 2 lbs. ·No specs available 

.$9.95 

Mitsumi 54-Key Unencoded 
Matrix All-Purpose Keyboard 
• SPST keyswitches · 20 pin ribbon cable connec
tion ·Low profile keys ·Features: cursor controls, 
control, caps (lock), function, enter and shift keys 
·Color (keycaps): grey· 'M. : lib.· Pinout included 

KB54 . .. .... . . . . .. . .... $14.95 

76-Key Serial ASCII Keyboard 
· Simple serial interface· SPST mechanical switch~ 
ing · Operates in upper and lower case • Five user 
function keys: Ft ~FS ·Six finger edge card connec~ 
lion ·Color (keys): tan ·Weight: 2 lbs. ·Data incl 

KB76 ..... . ..... . ...... $29.95 

Nationally Known 1 06-KEY 8-BIT SERIAL ASCII 
Manufacturer! KEYBOARD 

========....-0!!~ ~;:uen~~m~:~'t~a~r~s1~~~~:~et~ abned dua~!~ ~~a:~~~ 
vidual work stations· Hall effect switching ·numeric r and cursor keypad· 10 user definable keys· 50" 
interface cable with 9~pin sub-miniature connector 
• 7 LED function displays • Security lock • N~key roll
over • Automatic key repeat function • Color: (case) : 
white w/black panel-(key caps): grey and blue 
·Weight: 61k lbs. ·Data included. 

21'k"L,9.8"Wd~"H KB139 $59.95 

68-Key Keyboard with Numeric 
Keypad for Apple II and II+ 
• Plugs d1rectly into Apple II or II+ motherboard with 
16-pin ribbon cable connector • 26 special func
tions ·Color (keys): white/grey ·Weight: 2 lbs. 

KB-A68 ........... .. . . . $99.95 

POWER SUPPLIES 
TRANSACTION TECHNOLOGY, INC. 
SVDC @ 1 AMP Regulated Power Supply 
·Output: + SVDC @ 1.0 amp (also + 30VDC regulated) ·Input: 115VAC, 60Hz 
·Two-tone (black/beige) self-enclosed case· 6 foot, 3~conductor black 
power cord· Size: 61h" L x 7" W x 2V•" H ·Weight: 3 lbs. 

PS51194. . . $14.95 

Power/Mate Corp. REGULATED POWER SUPPLY 
·Input: 105-125/210-250 VAG at 47-63Hz· Line regulation: :t:O.OS% ·Three 
mounting surfaces • Overvoltage protection • UL recognized ·GSA certified 
Part No. Size Weight Price 

EMA5/6B 5V@3AI6V@2.5A 4~'e"L x 4'W x 2~"H 21bs. $29.95 
EMA5/6C 5V@6AI6V@5A 5%-"L x 41Js'W x 27,-B"H 4 lbs. $39.95 

ASTEC SWITCHING REGULATED POWER SUPPLY 
~Apple· Ill Power Supply· Multiple outputs for bench top uses and other 
applications · Input: 115V/JC, 50-60Hz@ 3.0 amps· Output: + SVDC@ 1.0 amp, 
+12VDC@ 1.0amp, ~12VDC@ 1.0amp, +24VDC @2.5amp,~24VDC@ 2.5amp 

·Size: 15" L x 3~•" W x 2%" H ·Weight: 21k lbs. 

AS1155 $39.95 

POWER SUPPLY +SVDC @ 7.6 AMP. 12VDC@ 1.5 AMP SWITCHING 
·Input: 115VAC, 50-60Hz@ 3 amp/230VAC. 50Hz @ 1.6 amp. · Fan voltJpower supply 
select switches {115/230VAC) ·Output: 5VDC @ 7.6 amp, t2VDC @ 1.5 amp · Stoot black 
power cord • Size: 11 1-?"l ~ 131< 'W x 3:1f."'H • Weight: 6 lbs. 

PS94VOS ......... .... ........ . . . . .... $39.95 • } 
I 

. 

KEPCO/TDK 4-0UTPUT SWITCHING POWER SUPPLY 
o Ideal for disk drive needs of CRT terminals, microcomputers and 
video games· Input: 115/230V/JC, 50/60Hz· Output: +SV@ 5Amp, + 12V@ 
1.8 Amp, +1 2V @ 2 Amp, -12V @ 0.5 Amp • UL recognized ·GSA certified 
·Size: T¥s"L x 6~3/16'W x 1 %"H ·Weight: 2 lbs. 

MRM 174KF . . ................ . .... . .. . $59.95 

4-CHANNEL SWITCHING POWER SUPPLY 
·Microprocessor, mini-computer, terminal, medical equipment and process 
control applications ·Input: 90-130VAC, 47 -440Hz ·Output: +SVDC @ SA, 
-SVOC@ 1 A: +12VOC@ 1A,-12VOC @ 1A ·Line regulations: :t:0.2%· Ripple: 
30mV p~p · Load regulation: :t: t% • Overcurrent protection · Adj: SV main 
output ::t1 0% o Size: 6%"l x F4'W X 4-15/16"H · Weight: l 1k lbs 

FCS-604A .... . ....... . ... .. ..... . $69.95 each 

Switching Power Supply for APPLE II, II+ & lie'" 
" o Can drive four floppy disk drives and up to eight expansion cards 

• Short circuit and overload protection o Fits inside Apple computer 

• Fully regul0ted + 5V@ 5A, +12V@ 1.5A, -5V@ .5A. ·12V@ .5A 
• Direct plug-in power cord included ·Size: 9~"L x 3Y2"W x 2 '14 "H 
o Weight: 2 lbs. 

The Kit is a versatile 12-hour digital clock 
with 24-hour alarm. The clock has a bright 0.5" h igh 
blue-green fluorescent display. The display will automat
ically dim with changing light conditions. The 24- hour 
alarm allows the user to disable the alarm and immediat~ 
e ly re-enable the alarm to activate 24 hours later. The kit 
includes all documentation, components, case and walt 
transformer. S ize: 6o/e"L x 3Y4"W x 1¥4"0 . 

JE750 Alarm Clock Kit. ... ..... $29.95 

.. DISK DRIVES AND SUPPLIES 

5'14" APPLE"' 
Direct Plug-In 

Compatible Disk Drive 
• Usils Shugul SA390 mechanics •143K 
lormal1ed storage • 35 tracks- compatible 
with Apple controller• Complatewilhconntc· 
torandcable - justpluglntoyourdlskcon· 
troller card • Size: 6"L x 3'h~W x 
8·9/16~0 • Weigh!: 4'h lbs. 

Power 
Regulated 

Power Supply 
• Perfect for computer or disk 
drive systems o Supply has AMP 
connectors for d irect connec
tion to two 5114 " disk d rives 
• Cooling fan • Input: 100/1 15/ 
200/230VAC, 47-63Hz· Output 

13Y• "L x 6\~·w x S"H (above)· Weight: 9 1bs. 

CP167 ................... $59.95 

8 ,,~·-·~srni£5 Protect Yourself ... 
- .. ~ DATASHIELD® 

~.-... ~. · !m~ .. ~.voe.ltage'!~~~~!~o~e 
~· before it can damage your equipment or cause 

data loss· 6 month warranty· Power d issipa-

~- .. io' ~~~k~t~~ s;;~~~~~rd;~~~ ·~~~~~2t ~na:~~~~ 
e-o -- age ind1cator hght ·Brown ouVbtack out reset 

• switch ·Weight: 2 lbs. 

Model 1 00 ......... .. ........ .. $69.95 

Protect 
Youi'Seff ••• 

DATASHIELD® 
Back-Up 

Power Source 
Provides up to 30 minutes of continuous 120 

~ 1 ~~~d ~0e~~~cf~) !~J~~~uc~~~u~eb1:6'~1~~ 
or voltage sag • Output rating : 200 watts • Six 
month warranty ·Weight: 24 lbs. 

Model 200 (PC200) ...... . ...... $349.95 

IBM MEMORY EXPANSION KIT 
COMPAQ COMPATIBILITY 

SAVE HUNDREDS OF $$$ BY UPGRADING 
MEMORY BOARDS YOURSELF! 

Most of the popular memory boards allow you to add an additional 
64K, 128K, 192K, or 256K. The IBM64K Kit will populate these boards 
In 64K byte Increments. The kit Is simple to Install - just Insert the 
ni'ne 64K RAM chips In the provided sockets and set the two groups 
of switches. Directions ar& Included. 

IBM64K (Nine 200ns 64K RAMs) .. . .. $49.95 

TRS-80 MEMORY EXPANSION KIT 
TRS·80 to 16K, 32K, or 48K 

""Modell = From 4K to 16K Requires (1) One Kit 
Model 3 = From 4K to 48K Requires {3) Three. Kits 
Color = From 4K to 16K Requires (1) One Kit 

"Model 1aquipped with Expansion 8ooilfd up to 48K Two Kits Required 
-OneKI1 Raqulredloreacii16Ko1Expansion-

TRS·16K3 "200ns for Color & Modell II $12.95 
TRS·16K4 "250ns for Modell. .$10.95 

II kits comes complete with 8 ea. 4164-2 (200ns) 64K 
1 RAMs and conversion documentation. Converts TRS-80 

color computers with D. E. ET, F and NC circuit boards to 32K. 
Also converts TRS~80 color computer II to 64K. Flex DOS orOS~g 
required to utilize fu!l 64K RAM on all computers 

TRS·64K2. . . . . . .... $44.95 

UV-EPROM Eraser 
KHP4007 . ... . . ...• ...... . . . . ..... . . . . $79.95 Is Chips - 51 Minutes I 

I--------~--~~~~~S~p.-c~Sh=ee~ts--~3~-e-ac~h-----1 · ' . 
Send $1.00 Postage for your 
FREE 1984 JAMECO CATALOG 
Prices Subject to Change 

-- Jameco"[ !"SA; I 

1355 SHOREWAY ROAD, BELMONT, CA 94002 
PHONE ORDERS WELCOME - 592·8097 Telex: 176043 

CIRCLE 41 ON FREE INFORMATION CARD 

Erases 2708, 2716, 2732, 2764, 2516, 2532, 2564. Erases up to 8 chips 
within 51 minutes (1 chip in 37 minutes). Maintains constant exposure 
distance of one inch. Special conductive loam liner eliminates static 
build·up. Built-in safety lock to prevent UV e)(posure. Compact- only 
9.00~ x 3.70" x 2.60". Complete with holding tray lor 8 chips. 

DE-4 UV·EPROM Eraser ... S79.95 
UVS-11 EL Replacement Bulb .. $16.95 

c... 
c 
~ 
<0 
00 
.j>. 

97 



(/) 
0 z 
0 a: 
f-
0 
w 
-' w 
0 
0 
<( 
a: 

98 

STATIC RAMS 
2101 356x4 (450ns) 1.95 
5101 256x 4 (450ns) (cmos) 3.95 1702 256x8 (1us) 4.50 2101-1 1024x 1 (450ns) .89 2708 1024 X 8 (450ns) 3.95 2102L·4 1024 x 1 (450ns) (LP) .99 2758 1024x8 (450ns) (5v) 5.95 2102L·2 1024 x 1 (250ns) (LP) 1.49 

2716-6 2048x8 (650ns) 2.95 2125 1024x1 ( 45ns) 2.95 
21111 256x4 (450ns) 2.49 2716 2048x8 (450ns) (5v) 3.95 
2111L 256x4 (250ns) (LP) 2.95 2716-1 2048 x 8 (350ns) (5v) 5.95 2112 256x4 (450ns) 2.99 TMS2516 2046x8 (450ns) (5v) 5.50 2114 1024 X 4 (450ns) 8/9.95 TMS2716 2046x8 (450ns) 7.95 2114-25 1024 X 4 (250ns) 8110.95 TMS2532 4096x8 (450ns) (5v) 5.95 2114L-4 1024 X 4 (450ns) (LP) .8112.95 
2114L-3 1024 x4 l300ns) (LP) 8113.45 2732 4096x8 (450ns) (5v) 4.95 
2114L-2 1024 x4 200ns) (LP) 8113.95 2732-250 4096x8 (250ns) (5v) 8.95 
TC5514 1024 X 4 (650ns) (cmos) 2.49 2732-200 4096x8 (200ns) l5v) 11.95 TC5516 2048x4 (250ns) (cmos) 9.95 2732A-4 4096x8 (450ns) 5v) (21vPGM) 6.95 2147 4096x 1 ( 55ns) 4.95 2732A 4096x8 (250ns) (5v) l21vPGM) 9.95 TMS4044-4 4096x 1 (450ns) 3.49 · 2732A-2 4096x8 (200ns) l5v) 21vPGM) 13.95 TMS4044-3 4096x 1 (300ns) 3.99 
TMS4044-2 4096x 1 (200ns) 4.49 8192 X 8 (450ns) 5v) 6.95 
UP0410 4096x 1 (100ns) 3.95 8192 x8 (250ns) (5v) 7.95 
MK4118 1024 x8 (100ns) 9.95 8192 x8 (200ns) (5v) 19.95 TMM2016-200 2048x8 (200ns) 4.15 8192 X 8 (450ns) (5v) 14.95 TMM2016-150 2048x8 (150ns) 4.95 

8192x8 (450ns) (5v) (24pin) 39.95 TMM2016-100 2048x8 (100ns) 6.15 
HM6116-4 2048x8 (200ns) (cmos) 4.75 8192x8 (350ns) (5v) (24pln) 42.95 
HM6116-3 2048x8 (150ns) (cmos) 4.95 16384x8 (300ns) (5v) 29.95 
HM6116-2 2048 x 8 (120ns)(cmos) 8.95 16384 x8 (250ns) (5v) 34.95 HM6118LP-4 2048 x 8 (200ns) (cmos) (LP) 5.95 21vPGM Program at 21 HM6116LP-3 2048 x 8 (150ns) (cmos) (LP) 6.95 
HM6116LP-2 2048 x 8 (120ns) (cmos) (LP) 10.95 
TMS4016 2048 x 8 (200ns) (cmos) 8.95 
Z-6132 4096 x 8 (300ns) (Qstat) 34.95 

* * *HIOH·TECH * * * HM6264P-15 8192 x 8 (150ns)(cmos) 39.95 
HM6264LP-15 8192 x 8 (150ns)(cmos) 49.95 

LP = Low Power Qstat = Quasi-Static 

SSI 263 SPEECH SYNTHESIZER DYNAMIC RAMS 
TMS4027 4096 X 1 (250ns) * MICROPROCESSOR COMPATIBLE 2107 4096x 1 (200ns) 
MM5280 4096 x 1 (300ns) * 5 8-BIT CONTROL REGISTERS 
TMS4060 4096 x 1 (300ns) * ENHANCE YOUR MOCKING BOARD OR BUILD UP0411 4096 x 1 (300ns) 
TMS4050 4096x 1 (300ns) STEVE CIARCIA'S SWEET TALKER II 39 95 MK4108 8192 x 1 (200ns) (BYTE MARCH '84) • MM5298 8192 x 1 (250ns) 
4116-300 16384 X 1 (300ns) * * *SPOTLIGHT*-* * * 4116-250 16384 X 1 (250ns) 
4116-200 16384 X 1 (200ns) 
4116-150 16384 X 1 (150ns) 
4116-120 16384 x 1 (120ns) 
2118 16384 x 1 (150ns) (5v) 
MK4332 32768x 1 (200ns) 
4184-200 65536x 1 l2oons) (5v) 
4184-150 65536 x 1 150ns)(5v) 
4164-120 65536 X 1 l120ns) (5v) 
MCM6685 65536 x 1 200ns) (5v) 
TMS4184-15 65536x 1 (150ns) (5v) 
TMS4416 16384 x4 (150ns) (5v) 
41256 262144 X 1 (200ns) (5v) 

68000 49.95 
6800 2.95 
6802 7.95 
6803 19.95 
6808 13.90 
6809E 14.95 
6809 11.95 
6810 2.95 
6820 4.35 
6821 2.95 
6828 14.95 
6840 12.95 
6843 34.95 
6844 25.95 
6845 14.95 
6847 11.95 
6850 3.25 
6852 5.75 
6860 7.95 
6875 6.95 
6880 2.25 
6883 22.95 
68047 24.95 
68488 19.95 

6800 = 1MHZ 

68800 10.95 
68802 22.25 
68809E 29.95 
68809 29.95 
68810 6.95 
68821 6.95 
68840 19.95 
68845 19.95 
68850 5.95 

68800 = 2 MHZ 

1 MHZ 8035 5.95 8202 24.95 2.5 Mhz 6502 4.95 8039 5.95 8203 39.95 6504 6.95 INS-8060 17.95 8205 3.50 ZSO-CPU 6505 8.95 INS-8073 49.95 8212 1.80 Z80·CTC 6507 9.95 8080 3.95 8214 3.85 Z80-DART 6520 4.35 
6522 6.95 

8085 4.95 8216 1.75 Z80-DMA 
6532 9.95 

8085A·2 11.95 8224 2.25 Z80-PIO 
6545 22.50 

8086 24.95 8226 1.80 
8087 CALL 8228 3.49 Z80-SIO/O 11.95 

6551 11.85 8088 29.95 8237 19.95 ZBO·SI0/ 1 11.95 2 MHZ 
6502A 6.95 8089 89.95 823 7-5 . 21 .95 Z80-SI0/ 2 11.95 
6522A 9.95 8155 6.95 8238 4.49 Z80-SI0/ 9 11 .95 
6532A 11.95 8155-2 7.95 8243 4.45 4.0 Mhz 6545A 27.95 8156 6.95 8250 10.95 
6551A 11.95 8185 29.95 8251 4.49 ZSOA· CPU 

3 MHZ 8185-2 39.95 8253 6.95 Z80A·CTC 8741 29.95 82 53-5 7.95 Z60A·DART 8748 24.95 8255 4.49 
82 55-5 5.25 Z80A-DMA 

DISC 8257 7.95 ZBOA-PIO 
CONTROLLERS 

CRT 82 57-5 8.95 Z80A·SIO/ O 
1771 16.95 8259 6.90 Z80A-SI0/ 1 1791 24.95 CONTROLLERS 82 59-5 7.50 Z80A-SI0/ 2 1793 26.95 6845 14.95 8271 79.95 Z80A·SI0/ 9 12.95 1795 29.95 68845 19.95 8272 39.95 1797 49.95 HD46505SP 15.95 8275 29.95 6.0 Mhz 2791 54.95 6847 11 .95 8279 8.95 Z808·CPU 2793 54.95 8279-5 10.00 2795 59.95 MC1372 6.95 

8282 6.50 ' Z808-CTC 
2797 59.95 68047 24.95 

8283 6.50 Z808·PIO 
6843 34.95 8275 29.95 8284 5.50 Z808-DART 8272 39.95 7220 99.95 UPD765 39.95 8286 6.50 Z808-SI0/ 2 39.95 
M88876 29.95 CRT5027 19.95 8287 6.50 ZILOG M88877 34.95 CRT5037 24.95 8288 25.00 

17.95 TMS9918A 39.95 8289 49.95 
1 

CIRCLE 49 ON FREE INFORMATION CARD 

32.768 khz 1.95 
4000 1.0 mhz 3.95 .29 4528 

1.8432 3.95 4001 .25 4531 
2.0 2.95 4002 .25 4532 
2.097152 2.95 4006 .89 4538 
2.4576 2.95 4007 .29 4539 
3.2768 2.95 4008 .95 4541 
3.579545 2.95 4009 
4.0 2.95 4010 
5.0 2.95 4011 
5.0688 2.95 4012 5.185 2.95 4013 5.7143 2.95 
6.0 2.95 4014 
6.144 2.95 4015 

.39 4543 

.45 4553 

.25 4555 

.25 4556 

.38 4581 

.79 4582 

.39 4584 
6.5536 2.95 4016 .39 4585 
8.0 2.95 4017 .69 4702 

10.0 2.95 4018 .79 74COO 
10.738635 2.95 4019 
14.31818 2.95 4020 15.0 2.95 

4021 16.0 2.95 

.39 74C02 

.75 74C04 

.79 74C08 
17.430 2.95 4022 .79 74C10 
18.0 2.95 4023 .29 74C14 
18.432 2.95 .65 74C20 
20.0 2.95 
22.1184 2.95 

.29 74C30 
1.65 74C32 

.45 74C42 

.69 74C48 

.79 74C73 

3.95 4034 
6.95 

4035 9.95 
3.95 4040 

.39 74C74 
1.95 74C76 

.85 74C83 

.75 74C85 

9.95 4041 .75 74C86 
8.95 4042. .69 74C89 
7.95 4043 .85 74C90 
8.95 4044 .79 74C93 

INS8250 10.95 4046 .85 74C95 
GENERATORS 4047 .95 74C107 

BIT·RATE 4049 .35 74C150 

11.95 4050 .35 74C151 

11.95 4051 .79 74C154 
12.95 4053 .79 74C157 
16.95 4060 .89 74C160 
10.95 4066 .39 74C161 

MM5307 10.95 4068 .39 74C162 
FUNCTION 4069 .29 74C163 

3.95 4070 .35 74C164 
1.49 4071 .29 74C165 
3.75 4072 .29 74C173 

.29 74C174 

.29 74C175 

.79 74C192 

.29 74C193 
UPD7201 29.95 .29 74C195 
TMS99532 29.95 4082 .29 74C200 
ULN2003 2.49 4085 .95 74C221 
3242 7.95 4086 .95 74C244 
3341 4.95 4093 
MC3470 4.95 4098 
MC3480 9.00 
11C90 13.95 
95H90 7.95 
2513·001 UP 9.95 

13· 002 LOW 

.49 74C373 
2.49 74C374 
1.95 74C901 

12.95 74C902 
12.95 74C903 
11 .95 74C905 
12.95 74C906 

7.95 74C907 
14.95 74C908 

.95 74C909 

.65 74C910 
1.95 74C911 

.85 74C912 
'.as 74C914 
.85 74C915 

1.25 74C918 
1.79 74C920 
1.55 74C921 

.89 74C922 

.39 74C923 

.79 74C925 
74C926 
74C928 



VOLTAGE 74LSOO .24 74LS173 .69 

REGULATORS 7400 .19 74123 .49 74LS01 .25 74LS174 .ss 74500 .32 745124 2.75 745197 1.49 7401 .19 74125 .45 74LS02 .25 74LS175 .55 74502 .35 745132 1.24 745201 6.95 780ST .75 790ST .85 7402 .19 74126 .45 74LS03 .25 74LS181 2.15 74503 .35 745133 .45 745225 7.95 
78MOSC .35 7908T .85 7403 .19 74132 .45 74LS04 .24 74LS189 8.95 74504 .35 745134 .50 745240 2.20 7808T .75 7912T .85 7404 .19 74136 .so 74LSOS .25 74LS190 .89 74505 .35 745135 .89 745241 2.20 
7812T .75 791ST .85 7405 .25 74143 4.95 74508 .35 745138 .85 745244 2.20 74LS08 .28 74LS191 .89 

74509 .40 745139 .85 745251 .95 781ST .75 7924T .85 7406 .29 74145 .60 74LS09 .29 74LS192 .79 74510 .35 745140 .55 745253 .95 7824T .75 7905K 1.49 7407 .29 74147 1.75 74LS10 .25 74LS193 .79 74511 .35 745151 .95 745257 .95 780SK 1.39 7912K 1.49 7408 .24 74148 1.20 74LS11 .35 74LS194 .69 74515 .35 745153 .95 745258 .95 7812K 1.39 791SK 1.49 7409 .19 74150 1.35 74LS12 .35 74LS195 .69 74520 .35 745157 .95 745260 .79 781SK 1.39 7924K 1.49 7410 .19 74151 .55 74LS13 .45 74LS196 .79 74522 .35 745158 .95 745273 2.45 7824K 1.39 79LOS 7411 .25 74153 .55 74LS14 .59 74LS197 .79 74530 .35 745161 1.95 745280 1.95 .79 
7413 .35 74154 1.25 74LS15 .35 74LS221 .89 74532 .40 745162 1.95 745287 1.90 78LOS .69 79L12 .79 
7414 74155 78L 12 .69 79L15 .79 .49 .75 74LS20 .25 74LS240 .95 74537 .88 745163 1.95 745288 1.90 78L 15 .69 7416 .25 74157 .55 74LS21 .29 74LS241 .99 74538 .85 745168 3.95 745289 6.89 LM323K 4.95 7417 .25 74159 1.65 74LS22 .25 74LS242 .99 74540 .35 745169 3.95 745301 6.95 78HOSK 9.95 UA78S40 1.95 7420 .19 74160 .85 74LS26 .29 74LS243 .99 74551 .35 745174 .95 745373 2.45 78H12K 9.95 
7421 .35 74161 .69 74LS27 .29 74LS244 1.29 74564 .40 745175 .95 745374 2.45 

C, T = T0-220 K = T0-3 7425 .29 74163 .69 74565 .40 745181 3.95 745387 1.95 74LS28 .35 74LS245 1.49 
74574 .50 745182 2.95 745412 2.98 L = T0-92 7427 .29 74164 .85 74LS30 .25 74LS247 .75 74585 1.99 745188 1.95 745471 4.95 7430 .19 74165 .85 74LS32 .29 74LS248 .99 74586 .50 745189 6.95 745472 4.95 SOUND CHIPS 7432 .29 74166 1.00 74LS33 .55 74LS249 .99 745112 .50 745194 1.49 745474 4.95 3.95 AY3·8910 7437 .29 74167 2.95 74LS37 .35 74LS251 .59 745113 ' .50 745195 1.49 745570 2.95 5.95 AY3·8912 7438 .29 74170 1.65 74LS38 .35 74LS253 .59 745114 .55 745196 1.49 745571 2.95 8.95 MC3340 7442 .49 74173 .75 74LS40 .25 74LS257 .59 551-263 39.95 7445 .69 74174 .89 74LS42 .49 74LS258 .59 

7446 .69 74175 .89 74LS47 .75 74LS259 2.75 

BYPASS CAPS EPROM ERASERS 7447 .69 74177 .75 74LS48 .75 74LS260 .59 
7448 .69 74181 2.25 74LS49 .75 74LS266 .55 

.01 UF DISC gsPECTRONICS 
7451 .23 74184 2.00 74LS51 .25 74LS273 1.49 
7473 .34 74185 2.00 74LS54 .29 74LS275 3.35 .01 UF MONOLITHIC 

CORPORATION 7474 .33 74191 1.15 74LSSS .29 74LS279 .49 .1 UF DISC 7475 .45 74192 .79 74LS63 1.25 74LS280 1.98 1 UF MONOLITHIC Capacity Intensity 7476 .35 74193 .79 74LS73 .39 74LS283 .69 
Timer Chip (uW/Cm') 7482 .95 74194 .65 74LS74 .35 74LS290 .89 

9 8,000 7483 .so 74195 .85 74LS75 .39 74LS293 .89 
9 8,000 7485 .59 74197 .75 74LS76 .39 74LS295 .99 

12 9,600 7486 .35 74198 1.35 74LS78 .49 74LS298 .89 IDCEN36 30 9,600 7489 2.15 74221 1.35 74LS83 .60 74LS299 1.75 Ribbon Cable 25 17,000 7490 .35 74246 1.35 74LS85 .69 74LS323 3.50 
36PinMale 8.95 42 17,000 7492 .50 74247 1.25 74LS86 .39 74LS324 1.75 7493 .35 74259 2.25 74LS90 .55 74LS352 1.29 IDCEN36/F 7495 .55 74273 1.95 74LS91 .89 74LS353 1.29 
Ribbon Cable 7497 2.75 74276 1.25 74LS92 .55 74LS363 1.35 74100 1, 75 74279 .75 74LS93 .55 74LS364 1.95 36 Pin Female8.95 74107 .30 74366 .65 74LS95 .75 74LS365 .49 

CEN36 74109 .45 74367 .65 74LS96 .89 74LS366 .49 74116 1.55 74368 .65 74LS107 .39 74LS367 .45 Solder Cup 74121 .29 74393 1.35 74LS109 .39 74LS368 .45 Pin Male 7 .45 74LS112 .39 74LS373 1.39 
74LS113 .39 74LS374 1.39 
74LS114 .39 74LS375 .95 

RCA. 74LS122 .45 74LS377 1.39 
74LS123 .79 74LS378 1.18 LM301 .34 LM348 .99 LM567 .89 LM1812 8.25 :::A 3023 2.75 CA 3082 7.4LS124 2.90 74LS379 1.35 LM301H .79 LM350K 4.95 NE570 3.95 LM1830 3.50 CA 3039 1.29 CA 3083 74LS125 .49 74LS365 3.90 LM307 .45 LM350T 4.60 NE571 2.95 LM1871 5.49 CA 3046 1.25 CA 3086 
74LS126 .49 74LS386 .45 LM3b8 .69 LM358 .69 NE590 2.50 LM1872 5.49 CA 3059 2.90 CA 3089 
74LS132 .59 74LS390 1.19 LM308H 1.15 LM359 1.79 NE592 2.75 LM1877 3.25 CA 3060 2.90 CA 3096 
74LS133 .59 74LS393 1.19 LM309H 1.95 LM376 3.75 LM709 .59 LM1889 1.95 CA 3065 1.75 CA 3130 
74LS136 .39 74LS395 1.19 LM309K 1.25 LM377 1.95 LM710 .75 LM1896 1.75 CA 3080 1.10 CA 3140 

LM310 1.75 LM378 2.50 LM711 .79 ULN2003 2.49 CA 3081 1.65 CA 3146 74LS137 .99 74LS399 1.49 
LM311 .64 LM379 4.50 LM723 .49 LM2877 2.05 CA 3160 1.19 74LS138 .55 74LS424 2.95 
LM311H .89 LM380 .89 LM723H .55 LM2878 2.25 74LS139 .55 74LS447 .95 
LM312H 1.75 LM380N-8 1.10 LM733 .98 LM2900 .85 Tl 74LS145 1.20 74LS490 1.95 LM317K 3.95 LM381 1.60 LM741 .35 LM2901 1.00 74LS147 2.49 74LS~24 3.99 LM317T 1.19 LM382 1.60 LM741N·14 .35 LM2917 2.95 TL494 4.20 75365 74LS148 1.35 74LS640 2.20 LM318 1.49 LM383 1.95 LM741H .40 LM3900 .59 TL496 1.65 75450 74LS151 .55 74LS645 2.20 LM318H 1.59 LM384 1.95 LM747 .69 LM3905 1.25 TL497 3.25 75451 74LS153 .55 74LS668 1.69 LM319H 1.90 LM386 .89 LM748 .59 LM3909 .98 75107 1.49 75452 74LS154 1.90 74LS669 1.89 LM319 1.25 LM387 1.40 LM1014 1.19 LM3911 2.25 75110 1.95 75453 

74LS155 .69 74LS670 1.49 LM320 (see 7900) LM389 1.35 LM1303 1.95 LM3914 3.95 75150 1.95 75454 
74LS156 .69 74LS674 14.95 LM322 1.65 LM390 1.95 LM1310 1.49 LM3915 3.95 75154 1.95 75491 
74LS157 .65 74LS682 3.20 LM323K 4.95 LM392 .69 MC1330 1.69 LM3916 3.95 75188 1.25 75492 
74LS158 .59 74LS683 3.20 LM324 .59 LM393 1.29 MC1349 1.89 MC4024 3.95 75189 1.25 75493 

LM329 .65 LM394H 4.60 MC1350 1.19 MC4044 4.50 75494 .89 74LS160 .69 74LS684 3.20 
LM331 3.95 LM399H 5.00 MC1358 1.69 RC4136 1.25 74LS161 .65 74LS685 3.20 
LM334 1.19 NE531 2.95 MC1372 6.95 RC4151 3.95 Bl FET 74LS162 .69 74LS688 2.40 LM335 1.40 NE555 .34 LM1414 1.59 LM4250 1.75 74LS163 .65 74LS689 3.20 LM336 1.75 NE556 .65 LM1458 .59 LM4500 3.25 TL071 TL084 74LS164 .69 81LS95 1.49 LM337K 3.95 NE558 1.50 LM1488 .69 RC4558 .69 TL072 LF347 74LS165 .95 81LS96 1.49 LM337T 1.95 NE561 24.95 LM1489 .69 LM13080 1.29 TL074 LF351 74LS166 1.95 81LS97 1.49 LM338K 6.95 NE564 2.95 LM1496 .85 LM13600 1.49 TL081 LF353 74LS168 1.75 81LS98 1.49 LM339 .99 LM565 .99 LM1558H 3.10 LM13700 1.49 TL082 LF355 74LS169 1.75 2SLS2521 2.80 LM340 (see 7800) LM566 1.49 LM1800 2.37 MPQ2907 1.95 TL083 LF356 74LS170 1.49 25LS2569 4.25 H = T0-5 CAN K = T0-3 1.40 

HP 5082-7760 .43" cc 1.29 
1·99 MAN 72 .3" CA .99 

MAN 74 .3" cc .99 .10 
FND-357 (359) .375" cc 1.25 .18 
FND-500 (503) .5" cc 1.49 .18 
FND-507 (510) .5" CA 1.49 
TIL-311 4x7 HEX W/LOGIC 9.95 
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8 pin ST .13 
14 pin ST .15 
16 pin ST .17 
18 pin ST .20 .18 

20 pin ST .29 .27 [ 22 pin ST .30 .27 
24 pin ST .30 .27 
28 pin ST .40 .32 
40 pin ST .49 .39 
64 pin ST 4.25 call 

ST = SOLDERTAIL 

.59 .49 

.69 .52 LEADS 

.69 .58 14 

.99 .90 16 
1.09 .98 24 
1.39 1.28 
1.49 1.35 28 

40 
ZIF 

2N918 .50 MPS3706 .15 
MPS918 .25 2N3772 1.85 
2N2102 .75 2N3903 .25 
2N2218 .50 2N3904 .10 
2N2218A .50 2N3906 .10 
2N2219 .50 2N4122 .25 
2N2219A .50 2N4123 .25 TAN DON 
2N2222 .25 2N4249 .25 TM100·1 51/• " (FOR IBM)SS/DD 199.00 
PN2222 .10 2N4304 .75 
MPS2369 .25 2N4401 .25 TM100·2 51/4 " (FOR IBM)DS/DD 219.00 

2N2484 .25 2N4402 .25 MPI 
2N2905 .50 2N4403 .25 

MP-5251/4 " (FOR IBM)DS/DD 249.00 2N2907 .25 2N4857 1.00 
PN2907 .125 PN4916 .25 TEAC TANDON 51/• " 
2N3055 .79 2N5086 .25 
3055T .69 PN5129 
2N3393 .30 PN5139 
2N3414 .25 2N5209 
2N3563 .40 2N6028 
2N3565 .40 2N6043 
PN3565 .25 2N6045 
MPS3638 .25 MPS·A05 
MPS3640 .25 MPS·A06 
PN3643 .25 MPS·A55 
Pfl3644 .25 TIP29 
MPS3704 .15 TIP31 

TIP32 

DESCRIPTION 

SOLDER CUP 

RT. ANGLE 
PC HOLDER 

FD-558 'h " HEIGHT DS/DD 189.00 .25 
.25 SHUGART 
.25 SA400L 51/4 " (40TRACK)SS/DD 199.95 
.35 

1.75 8" DISK DRIVE 
1.75 FD 100·8 BY SIEMENS, SHUGART 801 EQUIV. 
.25 

SS/DD -10/$149 EA. $169.00 .25 
. 25 FD 200·8 BY SIEMENS, SHUGART 851 EQUIV . 
.65 SS/DD- 10/$220 EA. $239.00 
.75 
. 79 Please Include sulllclenl amount lor shipping on above Items . 

D·SUBMINIATURE 
ORDER BY CONTACTS 

9 15 25 37 50 

MALE DPxxP 2.08 2.69 2.50 4.80 6.06 
FEMALE DBxxS 2.66 3.63 3.25 7.1 1 9.24 

MALE DBxxPR 1.65 2.20 3.00 4.83 

FEMALE DBxxSR 2.18 3.03 4.42 6.19 
6.23 9.22 
6.84 10.08 

IDBxxP 3.37 4.70 
IDBxxS 3.69 5.13 

MALE 
IDC RIBBON CABLE -::F::,.:EM:;.;.A'"'LE=--~;:::;::.o--__:;:.::..:,...---:;~----;::;:::.-.....,.;:-:;;:'-----

1.25 
1.25 2.95 

HOOD·B 
HOOD 1.60 1.60 

HOODS ~B~LA~C~K~~~~--~,...-~~-~~-~~-~~ 
GREY 3.50 

MOUNTING HARDWARE-$1.00 For order Instructions see "I DC Connectors" below. 

IDC CONNECTORS 
DESCRIPTION ORDER BY 

10 20 40 
SOLDER HEADER IDHxxS .82 1.29 2.58 
RT. ANGLE SOLDER HEADER IDHxxSR .85 1.35 2.31 2.72 
WW HEADER IDHxxW 1.86 2.98 4.50 5.28 
RT. ANGLE WW HEADER IDHxxWR 2.05 3.28 4.45 4.80 
RIBBON HEADER SOCKET IDSxx 1.15 1.86 3.15 3.73 
RIBBON HEADER IDMxx 5.50 7.00 7.50 

CIRCLE 49 ON FREE INFORMATION CARD 

50 
3.24 
3.39 
6.63 
7.30 
4.65 
8.50 

4N26 1.00 
4N27 1.10 
4N28 .69 
4N33 1.75 
4N35 1.25 
4N37 1.25 
MCT-2 1.00 
MCT-6 1.50 

MCA-7 
MCA-255 
IL·1 
ILA-30 
ILQ-74 
H11C5 
TIL-111 
TIL-113 

MUFFIN FANS 
4.68 " Square 
3.125 " Square 

HEAT SINKS 
T0-3style 
T0·220 style 

SWITCHES 
SPOT mlnl·loggle 
DPDT mlnl·loggle 
SPST mlnl·pushbullon 

DIODES 
5.1 volt zener 
12.0 volt zener 
(1 N914)swllchlng 
400PIV recllller 
200PIV 1.5amp bridge 
400PIV 1.5amp bridge 
Dip· Bridge 

CABINETS FOR 5Y4" 
DISK DRIVES 

CABINET #1 ·* Dimensions 8% x 5"/,. x 3' o/,." * Color matches Apple * Fits standard 5'!." drives, inc. 
Shugart * Includes mounting hardware and 
feet 

CABINET #2 579.00 * Complete with power supply, 
swi tch , line cord , fuse & standard 
power connector * Dimensions: 11 v, x 5'1. x 3"/,. " * +5V @ 1 AMP, +12V @ 1.5AMP * Please specify gray or tan 

NOTE: Please Include sulllclentamounl for 
shipping on above Items. 



FOR APPLE COMPUTER USERS 
:jf: JDR Microdevices 

t80USAft0S SOlD\ 

APPLE COMPATIBLE 
POWER SUPPLY 

* Use To Power Apple 
Type Systems 

* +5V®4A +12V@2.5A 

JDR 16K RAM CARD FOR APPLE II+ 
-5V@ .5A -12V@.5A 

* Instructions and Apple 
Power Connector Included. * Expand your 48K Apple to 64K 

* Fully compatible with Apple Language System- Use 
in place of Apple Language card $7915 

* Highest quality card features: gold edge connector, 
sockets for all IC's. 

* 2 YEAR WARRANTY $4495 
Kit with Instructions .. . ... $40.95 
Bare PC Card . ... . ...... . $14.95 

* Shugart Mechanism -
Made in U.S.A. 

* Direct Replacement for 
Apple Disk II 

a me 
Bftii·BO PRIIITER 

GET SLIM In 1984! 
* Compatible with Apple 

Controller or other Apple 
compatible controllers 

* Specially designed 
electronics with low power 
consumption 

* 80 CPS Dot Matrix Printer 
* Prints Bi-Directionat in 40, 80, 

71 or 142 Columns in Normal , 
Double Width or Compressed 
Text. JDR HALF-HEIGHT DISK DRIVE * DOS 3.3 and 3.2 compatible 

* One Year Warranty * 35 Track if used with 
Apple Controller 

* 40 Track Controller and DOS 
Available (Call for Price) 

$20995 

VIEWMAX-80 
NOW ONLY S15995 

* 80 Column Card for Apple II+ 
* Video Soft Switch 
* Inverse Video 
* 2 Year Warranty 

VIEWMAX-80e 

NEW S12995 

* 80 Column Card for Apple lie 
* 64K RAM Expandable to 128K 
64K RAM Upgrade $4 7so 

GRAPHMAX S12995 

* Hi Resolution Graphics * Printer Card * Centronics Parallel Interface * Zoom, Rotation and More 
Graphmax with Color 

Option . . .......... 14995 

5'1 .. ' WITH HUB RING 
MD1 SOFT SECTOR, SS/SD • • • • • • • • • • 19.95 
MD1D SOFT SECTOR, SS/ DD . •• . •••• . 26.25 
MD2D SOFT SECTOR, DS/ DD . . • . •• . • . 30.75 
MD2F SOFT SECTOR, DS/QUAD DENSITY 45.00 
MD110 10 SECTOR HARD, SS/SD • • •••• 19.95 
MD210D 10 SECTOR HARD. DS/ DD • .... 30.75 

8" WITHOUT HUB RING 
FD1 SOFT SECTOR, SS/SD ••• . ••••• , •. 24.75 
FD1D SOFT SECTOR, SS/DD ••••••••• 30.00 

SOFT SECTOR, DS/ DD • . • . • . • •• 

* Print Superscript As Well As 
Superb Graphics in Chara 
or Bit Image 

OTHER ACCESSORIES 
FOR APPLE II 

THUNDERCLOCK $129.95 
*Real-Time Clock Calendar 
* Software Included 
* Mountain Software Compatible 
* BSR Control Options Available 

MOniTORS . 
BMC MONITOR STAND 

MODEL PA-900 
Your Display Will $29_95 Tilt & Swivel 

MONOCHROME 

*ATTRACTIVE, FUNCTIONAL 
DISK STORAGE SYSTEM 

* 75 DISK STORAGE 
CAPACITY 

BMC BM12AUWGREEN12" •••••••• 589.95 
BMC BM12EUY18MHZAMBER ••••• 5139.95 
BMC BM12EUN18MHZHIGH RES GREEN 5115.00 
NEC JB1201M·20MHZGREEN • • • • • • 5169.00 
ZENITH ZVM·123·15MHZGREEN NEW 5105.00 

* MOLDED FROM DURABLE 
SMOKED PLASTIC WITH 
FRONT CARRY· $1699 
lNG HANDLE 

COLOR 
B M c BM·AU9191 u COMPOSITE 13" ". . . . . . . • I I 

·1~1?.~c~~~~~~~~i!:~~8 
VISIT OUR RETAIL STORE 

HOURS: M-W-F, 9-5 T-Th., 9-9 Sat. 10-3 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING 

TERMS: Minimum order $10. For shipping and handling Include 
$2.50 tor UPS Ground and $3.50 tor UPS Air. Orders over 1 lb. and 
foreign orders may require additional shipping charges - please 
contact our sales department for the amount. CA residents must 
include 6% sales tax, Bay Area and LA residents include 6 1l1° ' D· Prices 
subject to change without notice. We are not responsible for 
typographical errors. We resene the right to Umll quantities and to 
substitute manufacturer. All merchandise subject to prior sale 

800-538-5000 • 800-662-6279 (CA) 
(408) 995-5430 • Telex 171-110 

Apple is a trademark of Apple Computer Corporation 

CIRCLE 49 ON FREE INFORMATION CARD 
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A superb learning tool for students, 
instructors, hobbyists. 
Nothing else needed. Just plug in and start 
learning! Complete experimenters manual, easy 
instructions. 18 experiments. Fully expandable 
for Z80-CTC, Z80-PIO, EPROM, Breadboarding 
and prototyping. Invest with confidence. Now 
only $129.95, two for only $239.95. 
2KB BASIC interpreter now available, only $19.00. 

;;/;;.l:b.ic~EasiFr -

DCheck this box for FREE -
Z-80 Microprocessor " 
Programmi~:~g and \.t .. 
Interfacing textbook when C:t) 
you order within 7 days. 
$12.95 value.!!}(' 

-~. For Immediate actloo call TOLL FREE: 

1f:ti:.EE~bt~ 1•800-426•1 044 
Redmond, WA 98052 

NAME 

ADDRESS 

CITY ST ZIP 

0 VISA 0 MSTCRD EXP 

ACCT. NO. 

CIRCLE 39 ON FREE INFORMATION CARD 

ACTIVE 
RECEIVING 
ANTENNA 

Gives excellent reception, 
50 KHz to 30 MHz. 

New MFJ-1024 Active Receiving 
Antenna mounts· outdoors away from 
electrical noise for maximum signal. 

Gives excellent recaption of 50 KHz 
to 30 M Hz signals. Equivalent to wire 
hundreds of feet long. Use any SWL, 
MW, BCB, VLF or Ham receiver. 

High dynamic range R F amplifier. 54 
in. whip. 50 foot coax. 20 dB attenuator 
prevents receiver overload. Switch be
tween two receivers. Select auxiliary or 

active antenna. Gain control. "ON" 
LED. Remote unit, 3x2x4 in. Control, 

2x5 in. 12 VDC or 110 VAG with 
· optional adapter. 

MFJ-1312, $9.95. 

$1291~54500 
shipping( 

Order from MFJ and try it. If not delighted, 
return within 30 days for refund (less shipping). 

One year unconditional guarant!le. 
Order today. Call TOLL FREE 800-647-1800. 

Charge VISA, MC. Or mail check, money order. 
Write for free catalog. Over 100 products. 

CALL TOLL FREE 800-647-1800 
Call 601-323-5869 in Miss., outside continental 
USA, tech/order/repair info. TELEX 53-4590. 

M FJ filf:~~'C:lflo5' 
Box 494, Mississippi State, MS 39762 

CIRCLE 66 ON FREE INFORMATION CARD 

ELECTRONIC KITS 
FROM HAL-TRONIX 

2304 MHZ DOWN CONVERTERS. TUNES IN ON 
CHANNELS 2 TO 7 ON YOUR OWN HOME T.V. HAS 
FREQUENCY RANGE FROM 2000 MHZ TO 2500 
MHZ. EASY TO CONSTRUCT AND COMES COM
PLETE WITH ALL PARTS INCLUDING A DIE-CAST 
ALUM CASE AND COAX FITTINGS, REQUIRE A 
VARIABLE POWER SUPLY AND ANTENNA (Antenna 
can be a dish )ype or coffee can type depending on the 
signal strength in your area.) 

2304 MOD 1 \Basic Kit) $19.95 
(less case & fittings 

2304 MOD 2 (Basic/Pre-amp) $29.95 
(less case & fittings) 

2304 MOD. 3 (Hi-Gain Pre-amp) $39.95 
(Includes case & fillings) 

POWER SUPPLY FOR EITHER MODEL ABOVE IS 
AVAILABLE. COMES COMPLETE WITH ALL PARTS, 
CASE, TRANSFORMER, ANTENNA SWITCH AND 
CONNECTORS (Kit) $24.95 
Assembled .. ... ............................. : .......... .......... ... $34.95 
Slotted Microwave Antenna For Above 
Downverters .... .............................................. .. .. $39.95 

"''"************ ********* **************** 
PREAMPLIFIERS 

HAL PA-19--1 .5 mhz to 150 mhz. 19db gain operates 
on 8 to 18 volts at 10ma. Complete unit $8.95. 
HAL PA-1 .4-3 mhz to 1.4 ghz. 10 to 12 db gain op
erates on 8 to 18 volts at 10 ma. Complete un~ $1 2.95. 

(The above units are ideal for receivers, counters, etc.) 
********"'*******"'"'********************* 

16 LINE TOUCH TONE DECODE KIT WITH P.C. 
BOARD AND PARTS. .. .... . ...... .. .. ........ $69.95 
12 LINE TOUCH TONE DECODER KIT WITH PC. 
BOARD AND PARTS ................ ............. $39.95 
16 LINE ENCODER KIT, COMPLETE WITH CASE, 
PAD AND COMPONENTS ... ........................... $39.95 
12 LINE ENCODER KIT, COMPLETE WITH CASE, 
PAD AND COMPONENTS .. ............................. $29.95 

*"'******"'** **** ***"'"'******************* 
Complete Sets of P.C. Boards Available For: Unicorn 
Robot Project and Heart-A-Malic Project. 

MANY, MANY OTHER KITS AVAILABLE 
s.nd20centsltlmpa<S.A.S.E.forlnfa<mltlon l ndflyl ronoth•r 

HAL·TRONlXproducts. Toa<derbyphonl: t-313-28-5-17$.2. 

l"'lrL "{1t .,.,~ 

-......_-~c~ 

WIUM 

HAL-TRONIX 
P.O. Box 1101 

Southg<it•. Mt 4&195 
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HIGH QUALITY ~::75dB GAIN 

MICROWAVE 
TV SYSTEM 
Varible from 1.9 to 2.5 GHz 

The latest advance 
in microwave 

technology with a 
SNOW-FREE 

PICTURE. 
Two Models to choose from. 

Both Models Include: 
• 20" Parabolic Dish 
• Pre-assembled Probe 

with Down Converter 
• Power Supply and Coax Switch 
• 60' of RG-59/U Coax with Connector 
• Transformer for 75 to 300 Ohms 
• All Mounting Hardware for Fast and 

Easy Installation 

20" Fiberglass Dish 
Up to 55dB Gain · 

Special $9895 

20" Aluminum Dish 
Up to 55dB Gain 

. $9895 Low Pnced 
Add ~0% for Foreign orders or U.S. Parcel Post 

High Gain Vagi Antenna with Down Converter and $8995 
Power Supply. Complete System, Ready to Use. 

Send $2.00 for Catalog. Refundable with first purchase. 
~ Available thru Mail and Phone Orders Only • 

-- 2g;~~e8~:~i~~~cg~C~~~~~~~~~~rTt~~- , 
(Personal Checks, allow 2-5 weeks to clear) 

PROFESSIONAL VIDEO, Inc. 
4670 Hollywood Blvd., Hollywood, Calrf. 90027 

For C.O.D. Orders Call (213) 219-0227 

CIRCLE 21 ON FREE INFORMATION CARD 

Our Isolator$ eliminate eq-qip 
intera~tion, clean up intede 
curb damaging power line spikes 
and 
ligh.mng 
bursts. 

ISO-I ISOLATOR 
3 isolated socke~ quality spike 
suppl'e\!sron; basic protection . • 881.95 

IS0-3SUPER~SOLATOR 
3 dual isolate(} $ockel.8; suppressor, 
commercial protection ••. , .. &122.95 

IS0-17 MAGNUM ISOLATOR 
4 quad ieolated sock.e~ suppressor; 
laboratory grade prntection •. &213.95 

CIRCLE 6 ON FREE INFORMATION CARD 



Mall Orders: Please add $3 (Canada & lnt'l add $5) 
to cover cost of shipping/handling. 

HB-0100 Buss Strip 
Each buss strip contains four 

groups of labeled contact 
points (25 per group) pro

viding multipoint distribu-
tion for Vee, ground and 

signal paths. When inter
connected, HB-OlOO's can 
simulate Micro-Processor's 
data or address busses 
simplifying ROM, RAM, 
UART, etc. to processor 
interconnects. 

Competition Price: $3.00! 

HB-010~225 
HB-1210 

One socket and one buss stnp 
with self-adhesive backing and 
metal ground plate. 
Big nine 14-pin DIP capacity. 

Competition Price: $18.50! 

HB-!:1395 

HB-2112 

HB-1000 
Socket 

With HANDY sockets, 
breadboarding is easy 

because you always know 
where you're at. Each group 

of 5 contacts is labeled from 
1-64 and each position within a 

group is labeled from a-j. With 64 
groups of 5 contacts each you have 
more then enough room for infield 
and lab mock-ups that always come 
up when you least expect them. 

Competition Price: $12.50! 

$995 
HB-1000 

A compact breadboard ideal for beginners, students, professionals and hobbyists. It's 
quick and easy to use and immediately becomes the most useful tool on your 
workbench. Includes:• 2 sockets •1 buss strip $24 

• 2 binding posts and is mounted on an 8.7"x5.4" HB-2112 
aluminum ground plate. 18 14-Pin DIP capacity. 

Ideal for light industrial as well as secondary 
level educational and hobbyist experimentation. 
Includes: • 3 sockets 

• 5 buss strips • 4 binding posts 
and is mounted on a 9.4"x7.7" aluminum 
ground plate. 27 14-Pin DIP capacity. 

Competition Price: $66.00! 

HB-3514 $4 795 

HB-4714 
Largest HANDY breadboard available today. Complete PCB or 
system mock-ups can easily fit on this breadboard. This high capacity, 
heavy duty board is a must for industrial users where time is money 
... Great for advanced educational and hobbyist applications. 
ktcludes: • 4 sockets • 7 buss strips • 4 binding posts 
and is mounted on a 10.3"x9.5" aluminum ground plate. 
Giant 36 14-Pin DIP capacity. Competition Price: $89.00! 

HB-4714 S63 95 

Charge Cards: (Min. $15) . Please include Acct. No., Exp. Date, 
aank No. (M/ C only) and your signature. 

Checks: Drawn in U.S. Dollars on U.S. banks only. · 
Conn Residents: Add 7'h% Sales Tax. Sorry! No C.O.D. 

To order ... can1-800-34-HANDY 

==·· •... charge with VISA, MasterCard or American Express. 
All Items off-the-shelf for Immediate Shipment! 

.. ••••IIIII' a division of RSP Electronics Corp. 

7 Business Park Drive • P.O. Box 699 • Branford, CT 06405 • (203) 488-6603 • TWX: (910) 997-0684 
Easy Link Mail Box: 62537580 • CompuServe: 71346, 1070 

U.S. and, Canadian Distributor inquiries welcomed. 
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SPARTAN Electronics Inc t1 p.\..\.. ~~If.. 
(, (516) 499-9500 

6094 Jericho Tpke. 
Commack, N.Y. 11725 

cTcsR Philips Remote 

·W'\ W'!~ic~c~m. ~"'~'~"~'~~. a~~ contmlled IC's lock m p1cture & prevent dnlt • 60 channel 
) selecttons • Programmable time on & oft • 24 

hour LEO dtgttal clock • Favonte channel mem
ory & recall plus s~an • W1retess hand held 

$139 95 ··mfra-red"transmlttersystem • Automattcfme 
tune • Adaptable to any brand televtston • One 

• yearwarrantyservtce 

SGL WABER $35.95 
Protect your 
computer and 
electronic equipment 
from voltage spikes 

DG115P 

DG115S 
(6 Outlet) 

$45.95 

.... 
WINEGARD FM CAR 
ANTENNA BOOSTER 

Amphftes FM rad10 stgnats an average of 18d6 (8 
limes) lmprovescarradto receptiOn and extends 
range to allow greater selectton of stattons . 
Swttch and mdtcator light a"aches to lower edge 

S26.95 of dash 24·· cable wtth Motorola plugs provtded 
Installs 10 mmutes Great for wtndow antennas 

REFURBISHED MONITORS 
9" and 12" Bell & Howells 
or GBC Commercial Grade 
as low as 
$10.00 off with a purchase $39 95 
of 2 refurbished monitors • 

BECKMAN CIRCUITMATE DM73 
• .5% basic Vdc Accuracy $63 95 

probe·sJzed dmm • 
• 4 ac1dc voltage ranges (autoranging) 
• 4 resistance ranges (autoranging) ~· • 

: ~~~t~~u~~~~.?~~~~n ' Q " 
Other Curcuitmate Meters Available. 7 

Jerrold 58 Channel Wireless 
Remote Converter $109.95 
Jerrold 36 Channel Remote 
CATV Converter w I on I off Fine 
Tu ni $94.95 

to UHF 
Converter 

knob, 

BEFORE YOU PAY SS FOR A TELEPHONE 
SERVICE CALL, TEST IT YOURSELF 

8J!1/!1!J1I!!1I 
Telephone Line Analyze Model #1042 -;:::;:;;;;;:;fi~· 

- Tests telephone line lunct10ns that aflecl a1 
telephone operation 

- Venhes lme and nng voltage levels 
- Checks cond1t1on ol tetephone line from 

central othce to users telephone tack 
- Venties telephone line polarity that can 

aHect polarity senSitive telephones 

PROFESSIONAL 
TELEPHONE PRODUCT TESTER 

Features: M~rt~::5 ~~~ 
• Prov1des basic operation tests tor 

corded and cordless teleph1nes. 
answenng mach1nes. and automatiC 

• ~~~ec~s telephone line cords and $335.95 
handsets cordsforcon!lnulty. shorts 
and1nterm1ttents 

• Veohes numberdlaled and re<llaled lor 
pulse or touch·tone telephones 

• Prov1des iowandfiOI"mallevel ungtest 
sequence 

• Venhes t 
111 1 

• Canbeusedby theconsumer wlthout 
theaodolasalesperson-aneasy·to· 
tottowmstructiOn cardiSprovlded wl\h 
the tester 

• Can be used by the salesperson to 
demonstrate operation and teatures of 
telephone products and to screen 
returns betore 

Df'alers Wc lcorne 

'lolume 
Discounts 

'' MC BAC . Alll Cx A,l ab ove 

M1n Order S25 00 
InternatiOnal Shipping Add I 
Pr~ces subJect to ct1ange 
Without not1ce 
COD 2 00 Extra 
. Add I Shipping 
for mon1tors 

rl t ;t. lH~ .r· cas n 
:ro::cv 'J ro er C ~lec k 

to 7500 
76 DO to 250 00 

25100 to 50000 
501 00 to 750 00 
75100 to 1000 00 
Over 1000 00 

Tu W F 

lor 

$2 50 
$4 50 
$6 00 
$8 50 

$12 DO 
$12 50 

Sa (516) 
499-9500 

MonTh 
9-8 9-6 9:3G-5 

CIRCLE 36 ON FREE INFORMATION CARD 

ADVERTISING INDEX 

RADIO-ELECTRONICS does not assume any responsibility tor errors that may appear 
in the index below. 

Free Information Number Page 
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99 

54 

92 

58 

44 

6 

39 

40 

76 

33 

75 

IS 
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38 
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41 

49 

45 

63 

83 

19 

93 

66 

90 

Active Electronics . 

Advanced Computer Products ...... 89 

Advance Electronics ............ 5 

All Electronics . . .. 95 

AMC Sales ...................... 77 

Appliance Service ................ 23 

AP Products .......... . 

Beta Electronics. 

.. '.Cover 3 

........ 23 

.... 13 B&K. 

C&D. 

CEI 

.. .... .. ...... 80 

CIE 

.. 16 
18-21 

Command Productions ............ 81 

Communications Electronics ........ 2 

Contact East. .............. 23 

CPU . ............... . . 

Deco Industries 

Digikey 

Digitron 

Direct Video . 

Dokay ......... . . . . . 

DTI. 

EICO. 

EKI. 

.. .. 94 

........ 23 

.... 92.93 

.... 94 

... 79 

.. 85 

.. .. 77 

.. .. 80 

. 37 

Electro Industries ........ . . . ... 79 

Electronic Specialists. . . 102 

Etronix ........................ I 02 

Firestik. . ....... .. ........ 81 

Fluke Manufacturing . . . .. Cover 4 

Fordham Radio . .... ...... 34,35 

Formula .. ...... .. .. .... . '87 

Global Specialties ............... . 27 

Grantham College of Engineering .... I 

Haltronix . 

Heath ........... ... . . 

Hickok 

HMR Sales .. . .... .... , . 

Instrument Mart . 

Jameco . 

JDR .......... ... . 

J&W. 

Kashiwagi . 

KCS 

. . .. 102 

. .. Cover 2 

... ...... 73 

... 23 

.. 36 

. . ... 96,97 

.. .. . 98·101 

.. . ..... 77 

... 23 

.. .. 88 

Litco Systems .... ..... ... .... ... I 02 

McGraw Hill Book Club .. . . . ... 39·4 1 

Mcintosh Labs .............. . .... 73 

MFJ . 

Network Sales 

Newtone Electronics . 

. .. . 102 

... 86 

. . ... 22 

NRI .... . .......... . .. . .. ..... 8- 11 

NTS . . . .. ... .. ....... .. .. 28-31 

7 

32 

29 

72 

57 

21 

43 

61 

79 

31 

27 

95 

25 

88 

60 

69 

36 

96 

37 

56 

.... 26 

. 17 

..... 88 

. 15 

.7 

Professional Video . . . . . . . . . . . . . . . 102 

0 K Industries 

PhilipsECG. 

Philips Tech Electronics 

Pomona. 

Priority One . ......... .. . . 

PTS. 

Radio Shack . 

Ramsey. 

Random Access .. 

.. 42 

........ 83 

... 91 

. 23 

RCA Dis. and Special Prod.. . .. 14 

RF Electronics . . .... 90 

R&M Distributors. . .. 23 

RSPHandy .. . ..... .. . . . . ...... 103 

Sams Book Store 

Scientific Systems. 

SEI 

.... 24·25 

...... 104 

. .. 75 

Sony Video. ............... .. .. 33 

Spartan Electronics . 

Trio Kenwood. 

Thbergen and Assoc •. 

WM B Allen. 

.... 104 

.. 32 

..... 77 

.... 86 

PERSONALDEFENSEANDPROPERTYDQnT~nr~ 
UTILIZE SPACE AGE TECHNOLOGY. 
CAUTION THESE DEVICES CAN BE HAZARDOUS AND MAY SOON 
BE ILLEGAL. 
POCKET PAIN FIELD GENERATOR -IPG50 
Assembled .... .................. . 
IPGS ...... ... Plans ......... $7.00 IPG5K ..... Kit/Plans .. 
PHASOR PAIN FIELD CROWD CONTROLLER 
Assembled . ....... ..... ...................... .... . . 
PPF1 ....... Plans.. .. ... $15.00 PPF1K .... Kit/Plans.. 
BLASTER- Provides a plasma discharge capable of 
a can. 
BLS 1 o ..... .. ............... . Assembled .. . 
BLS1 ....... Plans .. .. .. . $10.00 BLS1 K.. i 
SHOCKER/PARALYZING DEVICE- Very 
effective. 

RUBY LASER RAY GUN 
welds hardest of metals. MAY 
RUB3AII Parts Available for Completing Oev/ce$15.00 
CARBON DIOXIDE BURNING, CUTTING LASER - Pro· 
duces a continuous beam of high energy. MAY BE HAZARDOUS. 
LC5 .. AII Parts Available for Completing Oev/ce .. $15.00 
VISIBLE LASER LIGHT GUN - produces intense red beam for 
sighting, spotting, etc. Hand held complete. 
LGU3 .. Plans .. $10.00 (Kit & Assembled Units Available) 
IR PULSED LASER RIFLE - Produces 15-30 watt infra·red 
pulses at 200-2000 per sec. 

BLREGG31~·1 .. ~1 .. E ., .. ~l·s. fb~~~~~lf~r;I:Lr~:~ER ·~· Ch~1~e~ 
green- provides an excellent source of monochromatic 

Plans ...... . $5.00 LHC2K 
SNOOPER PHONE- Allows user to 
in without phone ever ringing. 
SNP20.. .Assembled .................... .. .. $89.50 
SNP2 ....... . Plans ....... . $9.00 SNP2K ... .. Plans/Kit. .. .. $59.50 
LONG RANGE WIRELESS MIKE - Miniature device clearly 
transmits well over one mile. Super sensitive. powerful. 
MFT1 ....... Plans .. .. .... $7.00 MFT1K .... . Plans/KiL .. $39.50 
WIRELESS TELEPHONE TRANSMITTER - Transmits both 
sides of phone conversation over one mile, shuts off automatically. 
VWPM5 .. .. .. Plans ...... $8.00 VWPMSK ... Pians/KiL$34.50 
TALK & TELL AUTOMATIC TELEPHONE RECORDING 
DEVICE - Great for monitoring telephone use. 
TAT20. .. .......... Assembled.. · 
TAT2 

i I 9·11 
"<'·<'"'""'"'"'~'""'"''" · Send 

for free catalog of hundreds more i Send check, cash, 
MO. Visa. MC. COD to: INFORMATION UNLIMITED 

DEPT RS ,P.O. Box 716, Amherst. N. H 03031 Tel·: 603-673-4730 

CIRCLE 88 ON FREE INFORMATION CARD 
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Radia-Eiealraniaa® ·---
FREE PRODUCT INFORMATION 
P.O. Box 13775 
PHILADELPHIA, PA. 19101 

·-----------------------------------------------------------------------~ 
lalllle-Eieclnnlcs 4SG47 

Subscribe today to the magazine that keeps you up-to-date with the newest 
ideas and innovations in electronics. (If you already are a subscriber, do a 
friend a favor and "pass this subscription card along to him.) 

check offer preferred 
0 1 Year-12 issues ONLY $14.97 

(You save $6.03 over newsstand) 
0 Canada-12 issues $17.97 

0 2 Years (SAVE MORE)-24 issues $28.97 
(You save $13.03 over newsstand) 

0 Canada-24 issues $34 .97 
0 All other countries-12 issues $22.47 0 All other countries-24 issues $43.97 

0 Payment enclosed 0 Bill Me 0 Check here if you are extending or 
renewing your subscription 

Name (Please Print)---------------------

Company Name (If applicable)---------------

Address-----------------------
City State: ______ ZiP•-----

AIIow 6·8 weeks for delivery of first issue Offer valid in US $ Only. 
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For New 
Ideas 
In Electronic~ 
read Radio
Electronics 
every month. 
During the next 
12 months 
Radio-Electronics will carry up to 
the minute articles on : 
• Computers • Video 
• Solid-state technology 
• Outstanding construction proje• 
• Satellite TV • Telephones 
• Radio • Stereo • Equipment 

reports 
• Test equipment • VCR's 
• Servicing • Industrial electroni 

NEW IDEAS AND INNOVATIONS 
IN ELECTRONICS APPEAR IN EVERY 
ISSUE OF RADIO-ELECTRONICS 

KEEP UP TO DATE! DON'T MISS 
ANY ISSUES! 

SUBSCRIBE TODAY! 

USE THE ORDER CARD ON YOUR LEF 

Formerly Special Projects 

Delivers construction article after 
construction article ..... Exciting col
umns including Jensen on DXing, 
Friedman on computers, Test bench 
tips, Noll with Calling All Hams, Ne~ 
Products and more. 

SUBSCRIBE TODAY! 
USI' THF RFPIV I"&An(! nu vnuu • .,....,., 



What If there were a 
faster way to build and 
test circuits? 
There is. Circuit-strip from AP 
PRODUCTS makes circuit building 
a snap, giving you more time to 
experiment, to create. With a 
Circuit-Strip solderless bread
board, all you have to do is plug 
in components and intercon
nect them with ordinary #22 
AWG solid hook-up w ire. If you 
want to make a circuit change, 
just unplug the components in
volved and start over. It's just 
that easy. Circuit-Strips feature 
610 plug-in tie-points and have 
a capacity of up to 6 14-pin 
DIPs. Four separate distribu
tion buses of 35 tie-points 
each give you access for 
power, ground or signal. 

What If It were easier to 
identifY tie-point 
locations in a circuit? 
It is. Circuit-strip has a molded
in alpha-numeric grid for in
stant identification of every tie
point. SChematics can be la
beled with each tie-point loca
tion to make circuit building 
faster and troubleshooting 
easier. Circuit-Strip is ideal for 
electronic training programs as 
well as laboratory use. 

What If Circuit-Strip had 
a new low price? 
It does. Circuit-Strip now carries 
a suggested resale price of only 
$12. That means that the best 
tool for the job now has the 
best price ever. 

What if you need more 
information? 
That's easy, too. Just call toll free 
800-321-9668 for the name of 
the distributor near you. <In 
Ohio, call collect <216> 354-2101.> 

A P PRODUCTS INCORPORATED 
9450 Pineneedle Dr . • Box 540 

Mentor, Ohio 44061 -0540 
[216] 354-2101 

TVVX: 810-425-2250 
In Europe, contact A P PRODUCTS 

GmbH Baeumlesweg 21 
0 -7031 Weil1 • West Germany 

Phone: (07 157)62424 
TLX: 841 07 23384 

CIRCLE 87 ON FREE INFORMATION CARD 



©1003 John Fluke Mfg. Co., Inc. All nghts reserved 

The Digital 
vs.Analog 

battle is over. 
$85 * buys you the new champion. 

The new Fluke 70 Series. 
They combine digital and analog displays for 

an unbeatable two-punch combination. 
Now, digital users get the extra resolution of a 

3200-count LCD display 
While analog users get an analog bar graph for 

quick visual checks of continuity, peaking, nulling 
and trends. 

Plus unparalleled operating ease, instant 
autoranging, 2,000+ hour battery I ife and a 
3-year warranty 

All in one mete[ 
Choose from three new models. The Fluke 

73, the ultimate in simplicity The feature-packed 
Fluke 75. Or the deluxe Fluke 77, with its own 
multipurpose protective holster and unique 
"Touch Hold" function (patent pending) that cap
tures and holds readings, then beeps to alert you. 

Each is Fluke-tough to take a beating. 
American-made, to boot. And priced to be, quite 
simply, a knockout. 

For your nearest distributor or a free brochure, 
call toll-free anytime 1-800-227-3800, 
Ext. 229. From outside U.S., call 1-402-496-1350, Ext 229 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

Fluke 73 Fluke 75 Fluke 77 
$85" $99" $129" 
Analo9/ di9ilal dis~1a1 AnaiQ!J/di9i~l dis~ 1a1 Analo9/di9ilal dis~1a1 
Volts. ohms, 10A. diode Volts. ohms, 10A, mA. Volts. ohms, 10A. mA, 
lesl diode lesl diode lesl 
Auloran9e Audible conlinuil! Audible continuil! 
0. 7% basic de accuraft Auloran9e/ ran9e hold "Touch Hold" function 
2000+ hour batter! life 0.5% basic de accura~ Autorange/r<!nge hold 
3-~ear warranll 2000+ hour batter! life 0.3% basic de accurac~ 

3-~ear warrantl 2000+ hour balter!life 
3-1''" warrant! 
Multi~ur~ose holster 

• Suggested U.S list price, effective October 1,1983. 

I=F=L=U=K===I® 


